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ADJUSTABLE EXPANSION CONE ASSEMBLY 
Cross Reference to Related Applications 

This application dams the twntfit of the filing date of U.S. provisional patent 
application serial no. 60/318.021. attorney docket no. 25791.58. filed on 9/7/2001. the 

5 disdostire of which Is incorporated herein by reference. 

This application Is related to the following: (1 ) U.S. patent application serial no. 
09/454,139. attioniey dodiet no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510,913. attomey docket no. 25791.7.02. filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502.350. attomey docket no. 25791.8.02. filed 

10 on 2/10/2000. (4) U.S. patent application serial no. 09/440,338, attomey dodcet no. 
25791.9.02. filed on 11/15/1999, (5) U.S. patent application serial no. 09/523.460. 
attomey docket no. 25791 .1 1 .02. filed on 3/10/2000, (6) U.S. patent application serial 
no. 09/512,895. attomey docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/511.941, attomey docket no. 25791.16.02, filed on 2/24/2000, 

15 (8) U.S. patent application serial no. 09/588.946. attomey docket no. 25791 .17.02, filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559.122, attomey docket no. . 
25791 .23.02. filed on 4/26/2000. (10) POT patent application serial no. 
PCT/USOO/18635, attomey dodtet no. 25791.25.02. filed on 7/9/2000, (1 1) U.S. 
provisional patent application serial no. 60/162.671 . attomey dodtet no. 25791.27. fited 

20 on 11/1/1999..(12) U.S. provisional patent application serial no. 60/154.047. attomey 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60^159.082, attomey docket no. 25791 .34. fited on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159,039. attomey docket no. 25791.36. filed 
on 10/12/1999. (15) U.S. provistonal patent application serial no. 60/159.033. attomey 

25 docket no. 25791 .37. filed on 10/12/1999. (16) U.S. proviskinal patent application serial 
no. 60/212.359, attomey docket no. 25791.38. fited on 6/19/2000. (17) U.S. provisional 
patent application serial no. 60/165.228. attomey docket no. 25791 .39. filed on 
11/12/1999. (18) U.S. provisk)nal patent application serial no. 60/221.443, attomey 
docket no. 25791 .45, filed on 7/28/2000, (19) U.S. prpvi^onal patent application serial 

30 no. 60/221 .645, attomey docket no. 25791 .46, filed on 7/28/2000, (20) U.S. provisional 
patent application serial no. 60/233.638. attomey docket no. 25791 .47. filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237.334. attomey 
docket no. 25791.48, filed on 10/2/2000. (22) U.S. provisional patent application serial 
no. 60/270.007, attomey docket no. 25791.50. fited on 2/20/2001: and (23) U.S. 

35 provistonal patent application serial no. 60/262.434, attomey docket no. 25791 .51 . filed . 
on 1/17/2001. 0ie disdosures of wtiich are incorporated herein by refiarence. 
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Background of the Invention 

This invention relates generally to wellbore casings, and In particular to welll)ore 
casings that are fonned using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed in 

5 the borehole to prevent ooliapse of the borehole wall and to prevent undesired outflow 
of drilling fluid Into the formation or inflow of fluid from the fomiation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be Installed In a lower 
borehole inten/al Is towered through a prevbusly installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 

10 smaller diameter than the casing of the upper Intenral. Thus, the casings are in a 

nested an^ngement with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
ia relatively large borehole diameter is required at the upper part of the wellt)ore. Such 

1 5 a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
■Moreover, increased drilling rig time Is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled in the course of the well, and the large volume of cuttings drilled and 

20 removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming new sections of casing in a wellbore. 

Summary of the Invention 
According to one aspect of the present irivention. an apparatus for radially 

25 expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defcning a longitudinal passage, a first lug coupled 
to and extending from the first tubular support body in the radial direction, a second lug 
coupled to and extending from the first tubular support body in the radial direction, and 
an expansion cone support body coupled to the first tubular support body. The 

30 expansion cone support body includes an N-sided tapered tubular support member, 
wherein each side of the multi-sided tapered tubular support niemt)er defines a T- 
shaped stot N expansion cor^e segments are movably coupled to the expansion cone 
support body, each including an expansion cone segment body including arcuate 
conical outer surfaces, a first T-shaped retaining member coupled to the expansion 

35 oonesegnrientbodyfornK>vablyoouplingtheexpansionoonesegrnent body tpa 
corresponding one of the T-shaped slots of the expansion cone support body, and. a 
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second T-shaped retaining member coupled to the expansion cone segment body. A 
split ring collar assembly is nnovably coupled to the exterior of the tubular support 
member that includes a second tubular support body defining N T-shaped slots for 
movably receiving corresponding ones of the second T-shaped retaining members of 
5 the expansion cone segments, and an L-shaped retaining nriember coupled to the 
second tubular support body. A first drag biodc assembly is nv>vably coupled to the 
tubular support member that includes a first drag block body defining a slot for 
receiving and mating with the L-shaped retaining member of the split ring collar, and a 
first J-shaped slot for receiving the first lug, and one or more first drag blocks coupled 

10 to the first drag block body. A second drag block assembly is movably coupled to the 
tubular support member that includes a second drag block body defining a second J- 
shaped slot for receiving the second lug, and one or more second drag blocks coupled 
to the second drag bkx:k body. First and second packer cups are coupled to the 
tubular support member between the first and second drag block assemblies. 

15 According to another aspect of the present invention, an apparatus for radially 

expanding a tubular meml>er is provided that includes a tubular support member that 
includes a first tubular support body defining a tongitudinal passage, a first flange 
coupled to the first tubular support body, a second flange coupled to the first tubular 
support body, a first tapered flange coupled to the first tubular support body, a second 

20 tapered flange coupled to the first tubular support body, and an expansion cone 
support body coupled to the first tubular support body. The expansion cone support 
body includes an N-sided tapered tubular support member, wherein each sMe of the 
mirtti-sided tapered tubular support member defines a T-shaped slot. N expansion 
cone segments are movably coupled to the expansion cone support body, each 

25 Including an expanston cone segment body including arcuate conical outer surfaces, a 
first T-shaped retaining member coupled to the expanston cone segment body for 
movably coupling the expanston cone segment body to a oorresponding one of the T- 
shaped slots of the expanston cone support body, and a second T-shaped retaining 
member coupled to the expansion cone segment body. A split ring collar is movably 

30 coupled to the exterior of the tubular support member that includes a second tubular 
support body that defines N T^haped slots for movably receiving corresponding ones 
of the second T-shaped retaining members of the expansion cone segments, and an L- 
shaped retaining member coupled to the second tubular support body. A first collet 
assembly is movably coupled to the tubular support member that includes a first tubular 

35 sleeve that defines a slot for receiving and mating with the L-shaped retaining member 
of the split ring ooliar, a finrt counterbore for racing the first flange, and a first radial 
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passage, a first spring received within the first countertsore, a first retaining ring 
received within the first counterbore. a firsi load transfer pin coupled to the first 
retaining ring and extending through the first radial passage, a second tubular sleeve 
coupled to the first load transfer pin, a first resilient collet coupled to the second tutujlar 

5 sleeve and positior>ed atx>ve the first tapered flange, and a third tubular sleeve coupled 
to the first resilient collet. A second collet assennbly is movably coupled to the tubular 
support member that includes a fourth tubular sleeve that defines a second 
countertx)re for receh^ng the second flange, and a second radial passage, a second 
spring received within the second counterbore, a second retaining ring received within 

10 the second counterbore, a second load transfer pin coupled to the second retaining 
ring and extending through the second radial passage, a fifth tubular sleeve coupled to 
the second load transfer pin, a second resilient collet coupled to the fifth tubular sleeve 
and posittoned above the second tapered flange, and a sixth tubular sleeve coupled to 
the second resilient collet First and second packer. cups coupled to the tubular support 

1 5 member between the first and second collet assemblies. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member Is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first radial 
passage defined in the first tubular support body fluidicly coupled to the longitudinal 

20 passage, a first flange coupled to the first tubular support body, a second flange 
coupled to the first tubular support body, a first tapered flange coupled to the first 
tubular support body, a second tapered flange coupled to the first tubular support body, 
and an expanston cone support body coupled to the first tubular support body. The 
expansion cone support body includes an N-sided tapered tubular support member, 

25 wherein each side of the multi-sided tapered tubular support member defines a T- 
shaped slot N expansion cone segments are movably coupled to the expansion cone 
support body, each including an expansion cone segment body including arcuate 
conical outer surfaces, a first T-shaped retaining nriember coupled to the expansion 
cone segment body for movably coupling the expansion cone segment body to a 

30 corresponding one of the T-shaped slots of the expansion cone support body, and a 
second T-shaped retaining member coupled to the expansion oone segment body. A 
split ring collar is nwvably coupled to the exterior of the tubular support member that 
includes a second tubular support body that defines N T-shaped slots for movably 
receiving corresponding ones of the second T-shaped retaining members of the 

35 expansion cone segments, and an L-shaped retaining member coupled to the second 
tubular support body. A first dog assembly is movably coupled, to the tubular support 
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member that includes a first tubular sleeve that defines a slot for receiving and mating 
with the L-shaped retaining member of the split ring collar, a first oounterbore for 
receiving the first flange, and a second radial passage, a first spring received within the 
first oounterbore, a first retaining ring received within the first counterix>re. a first load 

5 transfer pin coupled to the first retaining ring and extending through the second radial 
passage, and a second tubular sleeve coupled to the first load transfer pin that defines 
a second counterbore for receiving the first tubular sleeve, a first resilient dog coupled 
to the second tubular sleeve and positioned adjacent to the first tapered flange. A 
second dog assembly is movabty coupled to the tubular support member that includes 

1 0 a third tubular sleeve that defines a second oountertx)re for receiving the second 
flange, a third radial passage, and a fourth radial passage fluididy coupled to the first 
radial passage, a second spring received within the second counterbore, a second 
retaining ring received within the second countertx>r6. a second load transfer pin 
coupled to the second retaining ring and extending through the third radial p3ssage, a 

1 5 fourth tubular sleeve coupled to the second load transfer pin, and a second resilient 
dog coupled to the fourth tubular sleeve and positioned adjacent to the second tapered 
flange. First and second packer cups are coupled to the tubular support member 
between the first and second dog assemblies. 

According to another aspect of the present invention, an apparatus for radially 

20 expanding a tubular member is provided that includes a tubular support memt)er that 
includes a flrst tubular support body defining a longitudinal passage including a throat 
passage, a first radial passage defined in the first tubtdar support body fluididy coupled 
to the longitudinal passage, a first flange coupled to the first tid>ular support body, a 
second flange coupled to the flrst tubular support body that defines a second radial 

25 passage deflned In the second flange fluididy coupled to the longitudinal passage, a 
tapered flange coupled to the first tubular support body, and an expansion cone 
support body coupled to the first tubular support body. The expansion cone support 
body indudes an N-sided tapered tubular support member, wherein each side of the 
multi-sided tapered tubular support member defines a T-shaped slot N expansion 

30 cone segments are movably coupled to the expansion cone support body, each 

induding an expansion cone segment body indudihg arcuate conical outor surfaces, a 
first T-shaped retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a corresponding one of the T- 
shaped slots of the expansion cone support body, and a second T-shaped retaining 

35 member coupled to the expansion cone segment body. A split ring collar is movably 
coupled to the exterior of the tubular support member that indudes a second tubular 
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support body that defines N T-shaped slots for movat)ty receiving corresponding ones 
of the second T-shaped retaining members of the expansion cone segments, and an L* 
shaped retaining member coupled to the second tubular support body. A dog 
assembly is movably coupled to the tubular support member that includes a first tubular 

5 sleeve that defines a slot for receiving and mating with the L-shaped retaining member 
of the split ring collar, a first oounterbore for receiving the first flange, and a third radial 
passage, a spring received within the first counterbore, a retaining ring received within 
the first counterbore, a load transfer pin coupled to the retaining ring and extending 
through the third radial passage, a second tubular sleeve coupled to the first load 

10 transfer pin that defines a first oountertx)re for receiving the first tubular sleeve, a 
secorKl counterbore for receiving and mating with the tapered flange, and includes a 
third fiange that defines a third counterbore for receiving the second flange, a fourth 
counterbore for receiving the second flange, and a fourth radial passage, and a 
resilient dog coupled to the second tubular sleeve and positioned adjacent to the 

1 5 tapered flange. First and second packer cups are coupled to the tubular support 
member between the resilient dog and the third flange. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly Is provided that includes a tubular support member that includes a 
tubular support body and an expansion cone support body coupled to the tubular 

20 support body. The expansion cone support body includes an N-sided tapered tubular 
support member, wherein each side of the multi-sided tapered tubular support member 
defines a T*shaped slot N expansion cone segments are movably coupled to the 
expansion cone support body, each including an expansion cone segment body 
including arcuate conical outer surfeces, a first T-shaped retaining member coupled to 

25 the expansion oone segment body for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the expansion cone support 
body, and a second T-shaped retaining member coupled to the expansion cone 
segment body. A split ring collar is movably coupled to the exterior of the tubular 
support member that includes a second tubular support body that defines N T-shaped 

30 slots for movabty receiving corresponding ones of the second T-shaped retaining 
memt>ers of the expansion cone segments, and an L-shaped retaining memt>er 
coupled to the second tubular support body. A tubular actuating sleeve is movably 
coupled to the tubular support member that includes a third tubular support body that 
defines a slot for receiving and mating with the L-shaped retaining member of the split 

35 ring collar. 
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According to another aspect of the present invention, an adjustable expansion 
cone assemt)ly is provided that includes a tubular support noember that includes a first 
tubular support body, and an expansion cone support body coupled to the tubular 
support body. The expansbn cone support body includes a tapered tubular support 
5 member defining N stepped slots. An expansion cone assembly is movably coupled to 
the tubular support member that includes a second tubular support body movably 
coupled to the fffst tubular support body defining an L-shaped siot, and N expansion 
cone segments extending from the second tubular support member. Each expansion 
cone segment includes a resilient collet coupled to the second tubular support member, 

10 an expansion cone segment body coupled to the resilient collet including arcuate 
conical outer surfaces, and a retaining member coupled to the expansion cone 
segment body for movably coupling the expansion cone segment body to a 
connasponding one of the stepped slots of the expansion cone support body. A split 
ring collar is movably coupled to the exterior of the tubular support member that 

15 includes a third tubular support body, a first L-shaped retaining member coupled to the 
third tubular support body for mating with the L-shaped slot of the second tubular 
support body of the expansion cone assembly, and a second L-shaped retaining 
member coupled to the third tubular body. A tubular actuating sleeve is movably 
coupled to the tubular support member that includes a third tubular support body that 

20 defines a slot for receiving and mating with the second L-shaped retaining member of 
the split ring collar. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a tubular support memt>er that includes a first 
tubular support body, and an expansion cone support body coupled to the tubular 

25 support body. The expansion cone support body includes a tapered tubular support 
member defining N slots* An expansion oone assembly is movably coupled to the 
tubular support member that includes a second tubular support body movably coupled 
lo the first tubular support body defining an L-shaped slot, and N expansion cone 
segnfients extending from the second tubular support member. Each expansion cone 

30 segment indudes a resilient collet coupled to the second tubular support member, an 
expansion cone segment body coupled to the resilient collet including arcuate conical 
outer surfaces, and a retaining member coupled to the expansion cone segment body 
for nrK>vably coupling the expansion cone segment body to a corresponding one of the 
slots <rf the expansion cone support body. A split ring collar is movably coupled to the 

35 exterior of the tubular support member that includes a third tubular support body, a first 
L-shaped retaining menrAer coupled to the third tubular support Ixxiy for matihg with 
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the L-shaped slot of the second tubular support body, and a second L-shaped retaining 
member coupled to the third tubular support body. A tubular actuating sleeve is 
movaUy coupled to the tubular support member that includes a third tububr support 
body that defines a slot for receiving and mating with the second L-shaped retaining 
5 member of the split ring collar 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a tubular support member that includes a first 
tubular support body, and an expansion cone support body coupled to the tubular 
support body. The expansion cone support body includes a tapered tubular support 

10 member defining N slots. An expansion cone assembly is movably coupled to the 
tubular support member that includes a second tubular support body movably coupled 
to the first tubular support body defining an L-shaped slot, N/2 first expansion cone 
segments extending from the secorxJ tubular support member, and N/2 second 
expansion cone segments extending from the second tubular member. Each first 

15 expansion cone segment includes a first resilient collet coupled to the second tubular 
support member, a first expansion cone segment body coupled to the resilient collet 
including arcuate conical outer surfaces, and a first retaining member coupled to the 
expansion cone segment body for nrK>vably coupling the expansion cone segment txxly 
to a conesponding one of the slots of the expansion cone support body. Each second 

20 expansion cone segment includes a second resilient collet coupled to the second 
tubular support member, a second expansion cone segnieht body coupled to the 
resilient collet including arcuate corilcal outer surfaces, and a second retaining member 
coupled to the expansion cone segment body for movably coupling the expansion cone 
segment body to a corresponding one of the slots of the expansion cone support body. 

25 The second expansion cone segments overlap and are interleaved with the first 

expansion cone segments. A split ring collar is movably coupled to the exterior of the 
tubular support member that includes a third tubular support body, a first L-shaped 
retaining member coupled to the third tubular support body for mating with L-shaped 
slot of the second tubular support body, and a second L-shaped retaining member 

30 coupled to the third tubular support body. A tubular actuating sleeve is movably 

coupled to the tubular support member that includes a third tubular support body that 
defines a slot for receiving and mating with the second L-shaped retaining nnember of 
the split ring collar. 

According to another aspect of the present Invention, an adjustable expansion 
35 cone assembly Is provided that includes a tubular support nriember that Includes a first 
tubular support body, and an expansion cone support body coupled to the first tubular 
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support body. The expansion cone support body includes an N-sided tapered tubular 
support member, wherein each side of the muW-sided tapered tubular support member 
defines a T*shaped slot N/2 first expansion cone segments are movably coupled to 
the expansion cone support body, each including a first expansion cone segment body 
5 including arcuate conical outer surfaces, a first T-shaped retaining member opupled to 
the first expansion cone segment body for movably coupling the first expansion cone 
segment body to a comesponding one of the T-shaped slots of the expansion cone 
support body, and a second reshaped retaining member coupled to the first expansion 
cone segment body. N/2 second expansion cone segments are also movably coupled 

10 to the expansion cone support body, each including a second expansion cone segment 
body including arcuate conical outer surfaces, a third T-shaped retaining member 
coupled to the second expansion cone segment body for movably coupling the second 
expansion cone segment body to a corresponding one of the T-shaped slots of the 
expansion cone support body, and a fourth T-shaped retaining member coupled to the 

15 expansion cone segment body. The first and second expansion cone segments are 
interleaved. The first expansion cone segment bodies are complementary shaped with 
respect to the second expansion cone segment bodies. A split ring collar assembly is 
movably coupled to the exterior of the tubular support member that includes a second 
tubular support body that defines N T*shaped slots for movably receiving 

20 corresponding ones of the second and fourth T-shaped retaining members of the 
interleaved first and second expansion cone segments, and an L-shaped retaining 
member coupled to the second tubular support body. A tubular actuating sleeve 
movably coupled to the tubular support member that includes a third tubular support 
body, that defines a slot for receiving and mating the L-shaped retalnbig member of 

25 the split ring collar. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first lug coupled 
to and extending from the first tubular support body in the radial direction, and a 

30 second lug coupled to and extending from the first tubular support body In the radial 
direction. An adjustable expansion cone assembly b movably coupled to the tubular 
support member. A first drag block assembly is movably coupled to the tubular support 
member that includes a first drag block body coupled to the adjustable expanston cone 
assembly that defines: a first J-shaped slot for receiving the first lug, and one or more 

35 first drag blocks coupled to the first drag block body. A second drag bk)ck assembly is 
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movably coupled to the tubular support member that Includes a second drag, block 
body that defines: a second J-shaped slot for receiving the second lug» and 
one or more second drag blocks coupled to the second drag block body. First and 
second packer cups are coupled to the tubular support member between the first and 
5 second drag block assemblies. 

According to another aspect of the present inventton, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member that 
Includes a first tubular support body defining a tongitudinal passage, a first flange 
coupled to the first tubular support body, a second flange coupled to the first tubular 

10 support body, a first tapered flange coupled to the first tubular support body, and a 
second tapered flange coupled to the first tubular support body. An adjustable 
expansion cone assembly' is movably coupled to the tubular support member. A first 
collet assennbly Is movably coupled to the tubular support member that includes a first 
tubular sleeve coupled to the adjustable expanston cone assembly and defines a first 

IS counterbore for receiving the first flange, and a first radial passage, a first spring 
received within the first countertx)re, a first retaining ring received within the flrst 
counterbore, a first load transfer pin coupled to the flrst retaining ring and extending 
through the first radial passage, a second tubular sleeve coupled to the first load 
transfer pin, a first resilient collet coupled to the second tubular sleeve and positioned 

20 above the first tapered flange, and a third tubular sleeve coupled to the first resilient 
collet. A second collet assembly is movably coupled to the tubular support member 
that includes a fourth tubular sleeve that defines: a second counterbore for recehring 
the second flange, and a second radial passage, a second spring received within the 
second counterbore. a second retaining ring received within the second countert)ore, a 

25 second toad transfer pin coupled to the second retaining ring and extending through 
the second radial passage, a fiflh tubular sleeve coupled to the second load transfer 
pin. a second resilient collet coupled to the fifth tubular sleeve and positioned above 
the second tapered flange, and a sbcth tubular sleeve coupled to the second resilient 
collet First and second packer cups are coupled to the tubular support member 

30 between the first and second collet assemblies. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member that 
includes a flrst tubular support body defining a longitudinal passage, a flrst radial 
passage defined in the first tubular support body fluididy coupled to the longitudinal 

35 passage, a first flange coupled to the flrst tubular support body, a second flange 
coupled to the flrst tubular support body, a flrst tapered flange coupled to the flrst 
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tubular support body, and a second tapered flange coupled to the finst tubular support 
body. An adjustable expansion cone assembly Is movably coupled to the tubular 
support member. A first dog assembly is movably coupled to the tubular support 
member that Includes a first tubular sleeve coupled to the adjustable expansion cone 
5 assembly that defines: a first counterbore for receiving the first flange, and a second 
radial passage, a first spring received within the first counterbore. a first retaining ring 
received within the first oountert)ore, a first load transfer pin coupled to the first 
retaining ring and extending through the second radial passage, a second tubular 
sleeve coupled to the first load transfer pin that defines: a second oounteribore for 

10 receiving the first tubular sleeve, a first resilient dog coupled to the second tubular 
sleeve and positioned adjacent to the first tapered fiange. A second dog assembly is 
movably coupled to the tubular support member that includes a third tubular sleeve that 
defines a second countertx>re for receiving the second fiange; 
a third radial passage, and a fourth radial passage fluididy coupled to the first radial 

15 passage, a second spring received within the second counteri3ore. a second retaining 
ring received within the second countert)ore, a second load transfer pin coupled to the 
second retaining ring and extending through the third radial passage, a fourth tubular 
sleeve coupled to the second load transfer pin. a second resilient dog coupled to the 
fourth tubular sleeve and posittoned adjacent to the second tapered fiange. First and 

20 second packer cups are coupled to the tubular support member between the first and 
second dog assemblies. 

According to another aspect of the present Invention, an apparatus for radially 
expanding a tubular member Is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage including a throat 

25 passage, a first radial passage defined in the iflrst tubular support body fluididy coupled 
to the longitudinal passage, a first fiange coupled to the first tubular support body, and 
a second fiange coupled to the first tubular support tpody that defines: a second radial 
passage defined in the second fiange fluidicly coupled to the longitudmal passage. An 
adjustable expansion cone assembly is movably coupled to the tubular support 

30 member. A dog assembly is movably coupled to the tubular support member that 
includes a first tubular sleeve coupled to the adjustable expansion cone assembly that 
defines a first countert)ore for receiving the first flange, and a third radial passage, a 
spring received within the first counterbore, a retaining ring received within the first 
counterbore, a load transfer pin coupled to the retaining ring and extendir>g through the 

35 third radial passage, a second tubular sleeve couple to the first load transfer pin that 
defines: a first countertxro for receiving the first tubular sleeve, a second countertx)re 
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for receiving and mating with the tapered flange, and Includes a third flange that 
defines a third oounterbore for receiving the second flange, a fourth countert)ore for 
receiving the second flange, and a fourth radial passage, and a resilient dog coupled to 
the second tubular sleeve and positioned adjacent to the tapered flange. First and 
5 second packer cups are coupled to the tubular support member betv^n the resilient 
dog and the third flange. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member, an 
adjustable expansion cone assembly movably coupled to the tubular support member. 

1 0 and means for adjusting the adjustable expansion cone assembly. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a tubular support member An adjustable 
expansion cone is movably coupled to the tubular support member that includes a 
plurality of expansion cdne segments, and means for guiding the expansion cone 

15 segments on the tubular support member. The assembly further includes means for 
adjusting the adjustable expansion cone. 

According to another aspect of the present invention, a method of operating an 
adjustable expansion cone assembly including a plurality of expansion cone segments 
is provided that includes guiding the expansion cone segments on a tapered body, and 

20 controllably displacing the expansion cone segments along the tapered body. 

According to another aspect of the present invention, a method of operating an 
adjustable expansion cone assembly including a plurality of expansion cone segments 
is provided that includes guiding the expansion cone segments on a multi-sided 
tapered body, interlocking the expianston done segments, and controllably displacing 

25 the expansion cone segments atong the tapered body. 

According to another aspect of the present invention, a method of operating an 
adjustable expansion cone assembly including a plurality of expansion oone segments 
is provMed that includes resilientiy guiding the expanston cone segments on a multi- 
sided tapered body, guiding each of the expansion cone segments on opposite skies in 

30 the circumferential direction, interiocking the expansion cone segments, and 
controllably displacing the expansion cone segments along the tapered body. 

According to another aspect of the present invention, a method of operating an 
adjustable expansion cone assembly including a plurality of expansion cone segments 
is provUed that includes dividing the expansion cone segments into first and second 

35 groups of expansion cone segments, interleaving the first and second groups of 

expansKNfi cone segments, overlapping the first and second groups of expansion cone 
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segments, resiiiently guiding the expansion cone segments on a multi-sided tapered 
txxly, guiding each of the expansion cone segments on opposite sides in the 
drcumferential direction, and controllat)ly displadng the expanston cone segments 
along the tapered txxiy. 
5 According to another aspect of the present invention, a method of operating an 

adjistable expansion cone assembiy including a plurality of expansion cone segments 
is provided that includes dividing the expansion cone segments into first and second 
groups of expansion cone segments, interleaving the first and second groups of 
expansion cone segments, guiding the mansion cone segments on a multi-sided 

10 tapered txxly, and contrdlabty displadng the expansion cone segments along the 
tapered body while also relatively displadng the first and second groups of expansion 
cone segments in opposite directions. 

According to another asped of the present invention, a method of plastically 
defomnlng and radially expanding an expandable tubular member using an apparatus 

15 induding a tubular support member, an adjustable expansion cone assembly movabiy 
coupled to the tubular support member, and an aduator movabiy coupled to the tubular 
support member for adjusting the adjustable expansion cone assembly, is provided that 
indudes coupling a first end of the expandable tubular member to a tubular strudure, 
locking the actuator to the tubular support member of the apparatus, inserting the 

20 apparatus into the first end of the expandable tubular member, moving the. actuator and 
the adjustable expansion cone assembly of the apparatus out of the second end of the 
expandable tubular member, reinserting the aduator of the apparatus into the second 
end of the expandable tubular member, unlocking the actuator from the tubular support 
member of the apparatus, rotating the aduator relative to the tubular support member 

25 of the apparatus, and increasing the outsMe diameter of the adjustable expansion cone 
assembiy by moving the tubular support member reiativie to the actuator, the adjustable 
expanston cone assembly and the expandable tubular member, and plastically 
defomiing and radially expanding the expandable tubular member by moving the 
adjustable expansion cone assembly through the expandable tubular member. 

30 According to another asped of the present invention, a method of plastically 

defomnlng and radially expanding an expandable tubular member using an apparatus 
induding a tubular support member, an adjustable expansion cone assembly movabiy 
coupled to the tubular support member, and an aduator movabiy coupled to the tubular 
support member for adjusting the adjustable expanston cone assembly, is provided that 

35 indudes coupling a first end of the expandable tubular member to a tubular structure, 
inserting the apparatos Into the first end of the expandebto tubular member in a first 
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direction, displacing the actuator of the apparatus in a second direction opposite to the 
first direction, applying a resilient biasing force to the adjustable expansion cone 
assembly in the secorKl direction, moving the actuator and the adjustable expansion 
cone assembly of the apparatus out of the second end of the expandable tubular 
5 member, reinserting the actuator of the apparatus into the second end of the 

expandable tubular member in the second direction, increasing the outsidediameter of 
the adjustable expansion cone assembly by displacing the actuator and the adjustable 
expansion cone assembly relative to the expandable tubular niember in the first 
direction, and plastically defonfning and radially expanding the expandable tubular 

10 member by moving the adjustable expansion cone assembly through the expandable 
tubular niember in the second direction. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a plurality of expansion cone segments, 
means for guiding the expansion cone segments on a tapered body, and means for 

15 controilably displacing the expansion cone segments along the tapered body. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a plurality of expansion cone segments, 
means for guiding the expansion cone segments on a multi-sided tapered body, means 
for Interlocking the expansion cone segments, and means for controilably displacing 

20 the expansion cone segments along the tapered t>ody. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that Includes a plurality of expansion cone segments, 
means for resiliently guiding the expansion cone segments on a multi-sided tapered 
body, means for guiding each of the expansion cone segments on opposite sides in the 

25 circumferential direction, means for interlocking the expanskxi cone segments, and 
means for controilably displacing the expansion cone segments atong the tapered 
body. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that Includes a plurality of expansion cone segments, 

30 means for dividing the expar^slon cone segments into first and second groups of 
expanston cone segments, means for interleaving the first and second groups of 
expansion cone segments, means for overlapping the first and second groups of 
expanston cone segments; means for resiliently guiding the expansion cone segments 
on a muKi-sided tapered body, means for guiding each of the expansion cone 

35 segments on opposite skJes in the circumferential directk>n, and means for controilably 
displacing the expansion oorie segments along the tapered body. 
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According to another aspect of the present invention, an adjustable expansion 
cone assembly b provided that includes a plurality of expansion cone segments, 
means for dividing the expansion cone segments into first and second groups of 
expansion cone segments, means for interleaving the first and second groups of 
5 expansion cone segments, means for guiding the expansion cone segments on a multh 
sided tapered body, and means for controOaMy displacing the expansion cone 
segments along the tapered body while also relatively displacing the first and second 
groups of expansion cone segments in opposite directions. 

According to another aspect of the present invention, an apparatus for 

10 plastically defomiing and radially expanding an expandable tubular member is provided 
that includes a tubular support member, an adjustable expansion cone assembly 
movably coupled to the tubular support member, means for actuating the adjustable 
expansion cone assembly, means for locking the actuator to the tubular support 
member of the apparatus, means for unloddng the actuator from the tubular support 

1 5 member of the apparatus, and means for increasing the outside diameter of the 

adjustable expansion cone assembly by moving the tubular support member relative to 
the actuator, the adjustable expansion cone assembly, and the expandable tubular 
member. 

According to another aspect of the present invention, an apparatus for 

20 plastically defonming and radially expanding an exparKiable tubular member is provided 
that includes a tubular support member, an adjustable expansion cone assembly 
movably coupled to ttie tubular support member, means for actuating the adjustable 
expansion cone assembly, means for displacing tiie actuator of the apparatus in a first 
direction, means for applying a resilient biasing force to the adjustable expansion cone 

25 assembly when the actuator is displaced in the first direction, and means for increasing 
the outside diarneter of VhB adjustable expansion cone assembly by displacing the 
actuator and the adjustable expansion cone assembly relative to the expandable 
tubular menrd>er in a second direction opposite to tiie first direction. 

Brief Description of the Drawings 

30 Figs. 1 and 1a-1d are fragmentary cross-sectional views of an embodiment of 

tiie placement of an apparatus for radially expanding a tubular member wittiin a tubular 
member wittiin a borehole within a subtenanean formation. 

Fig. 1e is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 1 and la-Id. 

35 Fig. If is a cross-sectional viewof tt)e expansion cone support body of Fig. 1e. 
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Fig. 1g is a side view of an embodiment of an expansion oone segment for use 
in the apparatus of Rgs. 1 and la-Id. 

Fig. 1h te a front view of the expansion cone segment of Fig. 1g. 

Fig. 1i is a top view of the expansion cone segment of Fig. 1g. 
5 Fig. 1J is a top view of an embodiment of interlocl(ing expansion cone segments 

for use in the apparatus of Figs. 1 and 1a-1d. 

Fig. 11c is a top fragmentary drcumferentiai view of an embodiment of the 
coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 1 and la-Id. 
1 0 Figs. II and 1 m are top schematic views of an embodiment of the coupling 

between the J-slots of the drag blocks and the lugs of the tubular support member of 
the apparatus of Figs. 1 and 1a-1d. 

Figs. 2 and 2a-2d are fragmentary cross-sectional illustrations of the apparatus 
of Figs. 1 and 1a-1d during the radial expansion of the tubular member within the 
1 5 borehole within the subterranean fomiation. 

Figs. 2e and 2f are illustrations of an embodiment of the J-slots of the drag 
bioclcs and the lugs of the tubular support member of the apparatus of Figs. 2 and 2a- 
2d. 

Figs. 2g and 2h are illustrations of an altemative embodiment of the J-slots of 
20 the drag blocks and the lugs of the tubular support member of the apparatus of Figs. 2 
and2a-2d. 

Figs. 3 and 3a-3c are fragmentary cross-sectional illustrations of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a welibore casing within a subterranean fomiation. 
25 Fig. 3d is a cross-sectional view of an embodiment of the expansion cone 

support body of the apparatus of Figs. 3 and 3a-3c. 

Rg. 3e Is a cross-sectional view of the expansion cone support body of Fig. 3d. 

Fig. 3f is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 3 and 3a-3c. 
30 Fig. 3g is a front view of the expansion cone segment of Fig. 3f. 

Fig. 3h is a top view of the expansion cone segment of Fig. 3f. 

Fig. 3i is a top view of an embodiment of interioddng expansion cone segments 
for use in the apparatus of Figs. 3 and 3a- 3c. 

Fig. 3j is a top fragnr)entary circumferential view of an emt>odiment of the 
35 coupling anangement between the expansion oone segments and the split ring collar 
for use in the apparatus of Rgs. 3 and 3a-3c. 
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Rgs. 4 and 4a-4d are fragmentary cross-secUonal illustrations of an 
embodiment of the placement of the apparatus of Figs. 3 and 3a-3c including an 
expandable tubular member within an expandable tubular member within a 
subtenanean fbnmation. 
5 Figs. 5 and 5a-5d are fragmentary cross-sectbnal illustrations of an 

embodiment of the operation of the apparatus of Rgs. 4 and 4a-4d during the radial 
expanston of the expandable tubular nnember within the borehole within the 
subterranean fomiation. 

Figs. 6 and 6a-6d are fragmentary cross-sectional illustrations of an 
1 0 embodiment of the placement of an apparatus for radially expanding a tubular member 
within a borehole v^in a sgbtenanean fomiation. 

Fig. 6e is a cross-secttonai view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 6 and 6a-6d. 

Fig. 6f is a cross-sectional view of the expansion cone support body of Fg. 6e. 
15 Fig. 6g is a side view of an embodiment of an expanston cone segment for use 

in the apparatus of Figs. 6 and 6a-6d. 

Fig. 6h is a front view of the expanston cone segment of Fig. 6g. 

Fig. 6i is a top view of the expansion cone segment of Fig. 6g. 

Fig. 6j is a top view of an embodiment of interlocking expanston cone segments 
20 forusein the apparatus of Figs. 6 and 6a-6d. 

Fig. 6k is a top fragmentary drcumferential view of an embodiment of the 
coupling arrangement between the expansion oone segments and the split ring ooliar 
for use In the apparatus of Figs. 6 and 6a-6d. 

Figs. 7 and 7a-7c are fragmentary cross-sectional illustrations of an 
25 embodiment of the placement of the apparatus of Figs. 6 and 6a-6d ihcludrng an 
expandable tubular member within a borehole within a subterranean fonnation. 

Figs. 8 and 8a-8d are fragmentary cross-sectional iUustrations of an 
embodiment of the operation of the apparatus of Rgs. 7 and 7a-7d during the radial 
expansion of the expandable tubular member within a borehole within a subterranean 
30 fomriatton. 

Fig. g is a fragmentary cross sectional illustratton of an embodiment of an 
expansion cone assembly in an unexpanded position. 

Fig. ga is a cross sectional illustration of the expansion cone assembly of Fig. 9. 
Fig. 10 is a fragmentary cross sectional illustration of the expansion cone 
35 assembly of fig. 9 in an expanded position. 
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Fig. 10a is a cross sectional illustration of the expansion cone assembly of Fig. 

10. 

Fig. 1 1 is a fragmentary cross sectional illustration of an embodiment of an 
expansion cone assembly in an unexpanded position. 
5 Fig. 1 la is a cross secdonat illustration of the expansion cone assembly of Fig. 

11. 

Fig. 12 Is a fragmentary cross sectional illustration of the expansion cone 
assembly of Fig. 1 1 in an expanded position. 

Fig. 12a is a cross sectional iliustration of the expansion cone assembly of Fig. 

10 12. 

Rg. 13 is a fragmentary cross sectional illustration of an embodiment of an 
expansion cone assembly In an unexpanded position. 

Fig. 13a is a cross sectional illustration of Uie expansion cone assembly of Fig. 

13. 

15 Fig. 13b B a fragmentary top circumferential illustration of the expansion cone 

segment assembly of Fig. 13 that illustrates the interieaved sets of collets. 

Rg. 13c is a fragmentary cross sectional illustration of the interleaved collets of 
Fig. 13b. 

Fig. 14 is a fragmentary cross sectional illustration of the expansion cone 
20 assembly of Fig. 13 in an expanded position. 

Fig. 14a is a cross sectional illustration of the expansion cone assembly of Fig. 

14. 

Figs. IS and 15a-15c are fragmentary cross-sectional Illustrations of an 
emtKxiiment of ttie placement of an apparatus for radially expanding a tubular member 
25 within a borehole within a subterranean formation. 

Fig. 15d is a cross-sectional view of an embodiment of the expansion cone 
support body of Vtm apparatus of Figs. IS and 15a-1Sc. 

Fig. 15e is a cross-sectional view of the expansion cone support body d Rg. 

ISd. 

30 Fig. 1 5f is a side view of an embodiment of an expansion cone segment for use 

in ttie apparatus of Figs. 15 and 15a-1 5c. 

Fig. 15g is a front view of the expansion cone segment of Fig. 15f. 

Rg. 15h is a top view of ttie expansion cone segment of Fig. 15f. 

Fig. 15i Is a top view of an enribodiment of inteiiociclng expansion cone 
35 segments for use in ttie apparatus of Figs. 15 and 1 5a-15a 
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Fig. 1 5j is a top fragmentary circumferential view of an emtxxliment of the 
coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 15 arid 15a-15c. 

Figs. 16 and 16a-16c are fragmentary cross-sectional Illustrations of an 
5 embodiment of the placement of the apparatus of Figs. 15 and 15a-15j including an 
expandable tubular member within a borehole within a subterranean formation. 

Figs. 17 and 17a-17c are fragmentary cross-sectional illustrations of an 
embodiment of the operation of the apparatus of Figs. 16 and 16a*16c during the radial 
expansion of the expandable tubular member within a borehole within a subterranean 
10 formation. 

Fig. 18a is a cross sectional illustration of an embodiment of a segmented 
expansion cone assembly in an unexpanded position. 

Fig. 18b is a fragmentary circumferential top illustration of the expansion cone 
and split ring collar of Fig. 18a. . ^ 

15 Fig. 1 8c is a fragmentary cross-sectional illustration of the expansion cone 

support flarige of the expansion cone assemt>ly of Fig. 1 8a. 

Fig. 18d is a cross-secHonal illustration of the expansion cone support flange of 
Fig. 18c- 

Flg. 19a is a cross sectional illustration of an embodiment of the segmented 
20 expansion cone assembly of Fig. 18a in an expanded position. 

Rg. igb is a fragmentary circumferential top view of the expansion cone of Fig. 

iga. 

Rgs. 20a-20m are top circumferential views of various alternative embodiments 
of interloddng expansion cone segment geometries. 
25 Detailed Descrliitionoffthelilustrathre Embodiments 

Referring initially to Rgs. 1 and 1a-1d» an embodiment of an apparatus and 
method for radially exparKling a tubular member will now be described. As illustrated in 
Figs. 1 and 1a-1d, a weUbore 100 is positioned in a subterranean formation 105. In an 
exemplary embodiment, the wellbore 100 may include a pre^sting cased section 
30 110. The welibore 100 may be positicmed in any orientation from vertical to horizontal. 

In order to extend the welit>ore 100 into the subterranean fonnation 105, a drill 
string is used in a well knom manner to drill out material from the subterranean 
formation 1 05 to fonm a new weinx>re section 115. In a preferred emtxxliment the 
inside diameter of the new wellt)ore section 1 1 5 is greater than or equal to ttie inside 
35 dianneter of the preexisting wellbore casing 1 10. 
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A tubular member 120 defining a passage 120a may then be positioned within 
the wellbore section 1 1 5 wWi the upper end 120b of the tid)uiar menriber coupled to the 
wellbore casing 1 10 and the lower end 12Clc of the tubular member radending Into the 
yvellbore section. The tubular member 120 may be positioned witNn the wellbore 
section 1 15 and coupled to the wellbore ca^ 1 10 in a conventional manner. In a 
preferred embodiment, the tubular member 120 Is positioned within the wellbore 
section 1 15 and coupled to the wellbore casing 1 10 using one or more of the methods 
and apparatus disclosed in one or more of the following: (1) U.S. patent application 
serial no. 09/454.139. attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. 
patent application serial no. 09/510,913, attorney docket no. 25791.7.02. filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350. attorney docket no. 
25791 .8.02, filed on 2/1 0/2000, (4) U.S. patent application serial no. 09/440,338, 
attorney docket no. 25791 .9.02. filed on 1 1/15/1999, (5) U.S. patent application serial 
no. 09/523.460, attorney docket no. 25791 .1 1 .02, filed on 3/1 0/2000, (6) U.S. patent 
application serial no. 09/512,895* attorney docket no. 25791.12.02, filed on 2/24/2000, 
(7) U.S. patent application serial no. 09/511,941, attorney docket no. 25791.16.02, filed 
on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent applicatk>n serial no. 09/559,122, 
attorney docket no. 25791 .23.02. filed on 4/26/2000, (10) PCT patent application serial 
no. PCT/USOO/18635. attomey docket no. 25791.25.02. filed on 7/9/2000, (11) U.S. 
provistonal i>atent application serial na 60/162,871, attomey docket no. 25791.27. filed 
on 1 1/1/1999, (12) U.S. provisional patent appHcation serial no. 60/154,047. attomey 
docket no. 25791.29. fited on 9/16/1999, (13) U.S. provistonal patent application serial 
no. 60/159,082. attomey docket no. 25791 .34, fited op 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159,039. attomey docket no. 25791.36, filed 
on 10/12/1999, (15) U.S. provistonat patent applicattonsertel no. 60/159,033, attomey 
docket no. 25791.37, filed on 10/12/1999. (16) U.S. provisional patent applteatton serial 
no. 60/212,359, attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. proviskmai 
patent application serial no. 60/1 65,228. attomey docket no. 25791 .39, filed on 
11/12/1999, (18) U.S. provisional patent appllcatton serial no. 60/221,443, attomey 
docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent appllcatton serial 
no. 60/221.645. attomey docket no. 25791.46. fited on 7/28/2000, (20) U.S. provisional 
patent application serial no. 60/233,638, attomey docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provisiohal patent appGcatton serial no. 60/237.334, attomey 
docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent applicatwn serial 
no. 60/270.007. attorney docket no. 25791.50, fSed on 2/20/2001; and (23) U.S. 
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provisional patent application serial no. 60/262.434. attorney docket no. 25791.51, filed 
on 1/17/2001; and (24) U.S. provisional patent application serial no. 60/259.486. 
attorney docket no. 25791 .52, filed on 1/3/2001 . the disclosures of which are 
incorporated herein by reference. 
5 As illustrated in Figs. 1 and la-Id, an apparatus 200 for radially expanding a 

tubular member may then be positioned in the new section 1 15 of the wellbore 100 
within the tubular member 120. The apparatus 200 includes a tubular support member 
205 defining an internal passage 205a that Is coupled to an end of a tubular coupling 
210 definffig an Internal passage 210a. The other end of the tubular coupling 210 is 

1 0 coupled to an end of a tubular support member 21 5 defining an internal passage 21 5a 
that includes a first lug 215b, a radial passage 215c, a first flange 21 5d, a second 
flange 21 5e, a second lug 21 5f, and an expansion cone support body 21 5g. The other 
end of the tubular support member 215 is coupled to a tubular end stop 220 that 
defines a passage 220a. 

15 As illustrated In Figs. 1e and 1f, the expansion cone support body 215g 

includes a first end 215ga, a tapered hexagonal portion 215gb that includes a plurality 
of T-shaped slots 215gba provided on each of the external faceted surfaces of the 
tapered hexagonal portion, and a second end 21 5gc. In an exemplary embodiment, 
the angle of attack of the tapered hexagonal portion ranges from about 35 to 50 

20 degrees for reasons to be described. 

As illustrated In Figs. 1 , la-Id, 1g, 1h, and 11, a plurality of expansion cone 
segments 225 are provMed that include first ends 225a that include T-shaped retaining 
members 225aa and second ends 225b that include T-shaped retaining nrtembere 
225ba that mate with and are received within conresponding T-shaped stots 21Sgba on 

25 the tapered hexagonal portion 215gb of the expanston cone support body 215g, firet 
external surfaces 225bb, second external surfaces 225bc. and third external surfaces 
225bd. Thus, in an exemplary embodiment, a total of six expanston cone segments 
225 are provMed that am slidably coupled to corresponding sides of the tapered 
hexagonal portton 21 5gb of the expansion cone support body. 

30 In an exemplary embodiment, the widths of the first extemal surfaces 225bb of 

the expanston cone segments 225 increase in the direction of the second extemal 
surfaces 225bc. the widths of the second extemal surfaces are substantially constant, 
and the widths of the third extemal surfaces 225bd decrease in the direction of the first 
ends 225a of the expansion cone segments for reasons to be described. In an 

35 exemplary embodiment, the first extemal surfaces 225bb of the expansion cone 

segments 225 taper upwardly in the directton of the second extemal surboes 22Sbc, 
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the second external surfooes taper upwardly In the direction of the third external 
surfaces 2251x1. and the third external surfaces 2251x1 taper downwardly In the 
direction of the first ends 225a of the expansion cone segments for reasons to be 
descra)ed. In an exemplary emixxliment, the angle of attack of the taper of the first 
5 external surfaces 22Sbb of the expansion cone segments 225 are giBater than the 
angle of attack of the taper of the second external surfaces 225ba In an exemplary 
embodiment, the first and second extemal 8urfaoes,.225bb and 225bc of the 
expansion cone segments 225 are aroiate such that when the expansion cone 
segments 225 are displaced in the direction of the end stop 220, the first and second 

1 0 extemal surfaces of the expansion cone segments provide a substantially continuous 
outer circumferential surface for reasons to be described. 

As illustrated in Fig. 1j, in an exemplary embodiment, the extemal surfaces, 
225bb, 225bc and 225bd, of the second ends 225b of the expansion cone segments 
225 are adapted to mate with one another in order to Interlock adjacent expansion 

15 cone segments. 

As illustrated in Figs. 1, la-Id. and Ik, a split ring collar 230 that defines a 
passage 230a for receiving the tubular support member 215 is provided that includes a 
first end that includes pluraKty of T-shaped slots 230b for receiving and mating with 
conrespondirig T-shaped retaining members 225aa of the expanston cone segments 

20 225 and a second end that includes an L-shaped retaining member 230c. In an 
exemplary embodiment the split ring collar 230 is a conventtonal split ring collar 
commercially available from Halliburton Energy Sen^ices modified in accordance with 
the teachings of the present disckisure. 

As illustrated in Figs. 1 . la-Id. and 1m. a drag bkx:k assembly 235 that defines 

25 a passage 235a for receiving the tubular support member 21 5 is provided that includes 
a first end that includes an L-shaped slot 235b for receiving and mating with the L- 
shaped retaining member 230c of the split ring collar 230, one or more conventional 
drag block elements 235c. and a J-shaped slot 235d including a retaining slot 235da 
for receiving the second lug 215f of the tubular support member215. In an exemplary 

30 embodiment, the longitudinal axis of the J-shaped slot 235d of the drag block assembly 
235 is substantially parallel to the longitudinal axis of the tubular support member 215 
for reasons to be described. 

A first conventional packer cup assembly 240 that defines a passage 240a for 
receiving the tubular support member 215 Includes a first end 240b that mates with the 

35 second flange 21 5e of the tubular support member, a conventional sealing cup 240c, 
and a second end 240d. A tubular spacer 245 that defines a passage 245d for 
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receiving the tubular support rnember 21 5 includes a first end 245b that mates with the 
second end 240c of the first packer cup assembly 240 and a second end 245c. A 
second conventional packer cup assembly 250 that defines a passage 250a for 
receiving the tubular support member 21 5 includes a first end 250b that mates with the 
5 second end 245c of the spacer 245, a conventional sealing cup 250c, and a second 
end 250d that mates with the first flange 21 5d of the tubular support member. 

As illustrated in Figs. 1, la-Id, and II, a drag block assembly 255 that defines a 
passage 25Sa for receiving the tubular support member 215 is provided that Includes a 
first end that includes sealing members, 255b and 255c, one or nfx>re conventional drag 

10 btock elements 255d, and a J-shaped stot 255e including a retaining slot 255ea for 
receiving the first lug 21 5b of the tubular support member 21 5. In an exemplary 
embodiment, the longitudinal axis of the J-shaped stot 255e of the drag block assembly 
255 is substantially parallel to the longitudinal axis of the tubular support member 215 
for reasons to be described. 

15 In an exemplary embodiment, during operation of the apparatus 200, as 

illustrated In Figs. 1 and la-lm. the apparatus may be positioned in the wellbore 115, 
wRhin the tubular member 120. with the first and second lugs, 215b and 215f, 
respectively, positioned within the retaining slots, 255ea and 235da, respectively, of the 
J-slots, 255e and 235da, respectively, of the drag block assembly 255 and 235, 

20 respectively. In this manner, the drag block assembly 235 is maintained in a 

substantially stationary positton relative to the tubular support member 215 thereby 
preventing the expansion cone segments 225 from .being displaced downwardly in the 
k)ngitudinal direction relative to the tubular support member 215 towards the end stop 
220. Furthemnore. in this manner, the drag btock assembly 255 Is also maintained in a 

25 substantially stationary posHton relative to the tubular support mentf>er 215 thereby 
preventing the drag block assembly from sealing off the radial passage 21 5c. In an 
exemplary embodiment during the placement of the apparatus 200 within the wellbore 
115 and the tubular member 120, the radial passage 215c pemnits fluidic materials 
outskle of the tubular support member 21 5 to pass into the passage 215a thereby 

30 minimizing overpressure conditions within the annulus outside of the tubular support 
member. 

In an exemplary embodiment, the apparatus 200 Is positioned within the 
expandable tubular member 120 such that the expansion cone body 21 5g, the end 
stop 220, and the expansion cone segments 225 extend out of the expandable tubular 
35 member. In this manner, the expanston oone segments 225 may be driven up the 
tapered hexagonal portion 215gb of the expanston cone body 21 5g. thereby Increasing 
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the outside diameters of the expansion cone segments, without Impacting the 
expandatrie tubular mentf>er 120. . 

The tutelar support member 215 may then be rotated relative to the drag block 
assemblies, 235 and 255. thereby displacing the lugs. 21 5f and 215b. with respect to 
the J-shaped slots. 235d and 255e. rrapectivejy. The tubular support member 21 5 
may then be displaced upwardly relative to the drag block assemblies. 235 and 255. In 
the longitudinal direction thereby displacing the drag bkxk assemblies downwardly 
relative to the tubular support member. During the longitudinal upward dteplacement of 
the tubular support member 215 relative to the drag block assemblies, 235 and 255, 
the drag block assemblies. 235 and 255, are maintained in a substantially stationary 
position with respect to the expandable tubular member 1 20 by the frictlonal forces 
exerted by the drag blocks, 235c and 255d, of the drag block assemblies on the 
expandable tubular member, and during the upward kjngitudrnai displacement of the 
tubular support member 21 5 relative to the drag block assemblies, the lugs. 21 5f and 
215b, are gukled in a substantially longitudinal direction by the J-slols. 235d and 255e, 
respectively, of the drag block assemblies. 

The downward bngitudinal displacement of the drag block assembly 235 
relative to the tubular support member 215 displaces the split ring collar 230 
downwardly along with the expanston cone segments 225. As a result, the expansion 
cone segments 225 are driven up the tapered hexagonal portion 215gb of the 
expansion cone support body 21 5g unfil the end faces of the expansion cone segments 
impact the stop member 220, As a result, the outside diameter of the expansion cone 
segments 225 increases. In an exenr^lary embodiment, once the expanston cone 
segments 225 impact the stop member 220. the outer surfaces. 225bb and 225bc, of 
the expansion cone segments provkJe a substantially continuous outer suriace in the 
circumferential direction having a diameter that is greater than the inskie diameter of 
the expandable tubular member 120. The downward longitudinal displacement of the 
drag block assembly 255 relative to the tubular support member 215 seals off the radial 
passage 215c thereby preventing ttie pressurized fluidic material 275 from entering the 
annulus sun-ounding ttie tubular support member 215 through the radial passage. 

In an exemplary embodiment, as illustrated In Figs. 2 and 2a-2f. the expandable 
tutujlar member 120 may then be radially expanded using the apparatus 200 by 
injecting a fluklic material 275 into ttie apparatus tiirough the passages 205a, 210a. 
and 215a. The injection of the fluidic material 275 may pressurize ttie interior 120a of 
the expandable tubular member 120. In addition, because the packer cup assemblies, 
240 and 250, seal off an annular region 1 20aa bekiw ttte packer cup assemblies 
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between the expandable tubular member 120 and the tubular support member 215» the 
injection of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluidic materteil 275 may then pressurize the 
interior 120a of the expandable tubular number 120 thereby plastically defbnning and 
5 radially expanding the expandable tubular member off of the expansion oone segments 
225. Because the outer surfaces. 225bb and 225bc, of the expansion oone segments 
225 are tapered, the plastic defomnation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is factlitated. 
Furthermore, in an exemplary embodiment, the continued injection of the fluidic 

10 material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 215 that is bounded on the upper end by the pad^er cup assembly 
240 and on the lower end by the expansion cone segments 225. Furthemnore, in an 
exemplary embodiment, the pressurlzation of the annular region 120aa also radially 

1 5 expands the surrounding portion of the expandable tubular member 1 20. In this 
manner, the plastic deformation and radial expansion of the expandable tubular 
member 120 is enhanced. Furthermore, during operation of the apparatus 200, the 
paclcer cup assemblies 240 and 250 prevent the pressurized fluidic material 275 from 
passing above and beyond the padcer cup assemblies and thereby define the length of 

20 the pressurized annular region 120aa. In an exemplary embodiment the 

pressurizBtlon of the annular region 120aa decreases the operating pressures required 
for plastic defbnmation and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
225bb and 225bc of the expansion cone segments 225. 

25 The radial expansion of the expandabte tubular member 1 20 may then continue 

until the upper end 120b of the expandable tubular member b radially expanded and 
plastically defonmed along with the overiapp'mg portion of the wellbore casing 110. 
Because the expansion cone segments 225 may be adjustable positioned tom an 
outside diameter less than the inside diameter of the expandable tubular member 120 

30 to an outside diameter substantially equal to the inside diameter of the pre-existing 
casing 1 10. the resulting wellbore casing, including the casing 1 10 and the radially 
expanded tubular member 120. created by the operation of the apparatus 200 may 
have a single sul)stantially constant inside diameter thereby providing a mono-diameter 
wellbore casing. 

35 If the expansion oone segments 225 become lodged within the tubular member 

120 during the radteil expansion process, the tubular support member 215 may be 
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displaced downwardly in the longitudinal direction and then rotated relative to the drag 
block asseniblies, 235 and 255. thereby positioning the lugs, 215b and 215f. within the 
retaining slots. 255ea and 235da, respectively, of the J-slots, 255e and 235d, 
respectively. As a result, the expansion cone segmeats 225 may be displaced down 
5 the tapered hexagonal portion 215gb of the expansion cone support body 215g and 
away from the end stop 220 thereby decreasing the external diameter of the exparision 
cone segments. In the manner, the tubular support member 205, the tubular support 
member 210. the tubular support member 215, the end stop 220, the expansion oone 
segments 225, the split ring collar 230, the drag block assembly 235, the pack cup 

1 0 assembly 240, the spacer 245. the packer cup assembly 250, and the drag btock 
assembly 255 may then be removed from the tubular member 120. 

During the radial expansion process, the expanston cone segments 225 may be 
raised out of the expanded portion of the tubular memt>6r 1 20 by applying an upward 
axial force to the tubular support member 215. In a prefenBd embodiment, during the 

15 radial expansion process, the expansion cone segments 225 are raised at 

approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular member stationary relative to the new wellbore section 115. In an 
altemative prefenred embodiment, the expan5k>n oone segments 225 are maintained in 
a stationary positk)n during the radial expansion process thereby allowing the tubular 

20 member 120 to be radially expanded and plastically deformed off of the expansion 
cone segments 225 and into the new wellbore sectron 1 15 under the force of gravity 
and the operating pressure of the interior of the tubular member 120. 

In a preferred embodiment, when the upper end portion of the expandable 
tubular member 120 and the lower portion of the weHborei casing 1 10 that overiap with 

25 one another are plastically deformed and radially expanded by the expansion cone 
segments 225, the expansion cone segments 225 are displaced out of the wellbore 
100 by both the operating pressure within the interior of the tubular nnember 120 and a 
upwardly directed axial force applied to the tubular support member 205. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 

30 material 275 is controilably ramped down when the expansion cone segments 225 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
deformatk)n of the expandable tubular member 120 off of the expansion cone 
segments 225 can be minimized. In a prefenred embodiment, the operating pressure is 

35 reduced in a substantially linear fashton from 100% to about 10% during the end of the 
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exinisjon process beginning when tlie expansion cone segments 225 are within about 
5 feet from completion of the extrusion process. 

Alternatively, or in combination, the wail thidoiess of the upper end portion of 
the expandable tubular member 120 is tapered in order to gradually reduce the 
5 required operating pressure for plastically defonming and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absort)er is provided in the tubular 
support member 205 in order to absorb the shock caused by the sudden release of 
10 pressure. The shock absorber may comprise, for example, any conventional 

commercially available shock absorber, bumper sub, or jars adapted for use in weiibore 
operations. 

Alternatively, or in combination, an expansion cone catching structure is 
provided in the upper end portion of the expandable tubular member 120 in order to 

1 5 catch or at least decelerate the expansion cone segments 225. 

Alternatively, or in combination, during the radial expansion process, an upward 
axial force is applied to the tubular support member 215 sufTtdent to plastically defomi 
and radially expand the tubular member 120 off of the extemal surfaces, 225bb and 
225bc, of the expansion cone segments 225. 

20 Alternatively, or In combination, in order to facilitate the pressurization of the 

interior 120a of the expandable tubular member by the injection of the fluMic materials 
275. the region within the wellbore sectiori 1 15 below the apparatus 200 may be 
fluidicly sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 

25 205. the tubular support member 210. ttie tubular support member 215. the end stop 
220. the expanston cone segments 225, the split ring collar 230. the drag btock 
assembly 235, the pack cup assembly 240, the spacer 245, the packer cup assembly 
250. and the drag block assembly 255 are removed from the wellbore 100. 

In an altemath^e embodiment, as illustrated in Figs. 2h and 2i, the J-stots, 235d 

30 and 255e. include one or more Intemiediate retaining stots, 235db and 255eb, 

respectively, that pemiit the relative longitudinal displacenrtent of the tubular support 
member 215 relative to the drag block assemblies, 235 and 255, to be set at one or 
more intennediate stop positions. In this manner, the expansion segments 225 may be 
positioned at one or more intermediate positions on the tapered hexagonal portion 

35 215gb of the expansion cone support body 21 5g thereby penmitting the extemal 
diameter of the expansion oone segments 225 to be adjusted to one or more 
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intermediate sizes, in this manner, the radial expansion and plastic defbmiation of the 
expandable tubular member 120 be provided in different operation stages, each having 
a different expansion diameter. Furthemnore, if the expansion cone segments 225 
become lodged within the expandable tubular member 120, then the position of the 
5 expansion cone segments may be adjusted to provide a smaller outside diameter and 
the radial expansion process may be continued by injecting the fluidic material 275 
and/or applying an upward axial force to the tubular support member 215. 

Referring to Figs. 3 and 3a-3J, an alternative embodiment of an apparatus 300 
for forming a wellbore casing In a subterranean fomiation will now be described. The 

10 apparatus 300 Includes a tubular support member 305 defining an internal passage 
305a that is coupled to an end of a tubular coupling 310 defining an internal passage 
310a. The other end of the tubular coupling 310 is coupled to an end of a tubular 
support member 315 defining an intemal passage 315a that includes a first flange 315b 
having oppositely tapered end-walls, 315ba and 315bb, a second flange 315c, a radial 

15 passage 315d, a third flange 315e. a fourth flange 315f, a fifth flange 315g having 
oppositely tapered end-walls, 315ga and 315gb, a fifth flange 31 5h, and an expansion 
cone support body 3151. The other end of the tubular support member 315 is coupled 
to a tubular end stop 320 that defines a passage 320a. 

As illustrated in Figs. 3d and 3e, the expansion cone support body 31 5i Includes 

20 a first end 315ia, a tapered hexagonal portton 315ib that includes a plurality of T- 
shaped slots 3f Slba provided on each of the external faceted surfaces of the tapered 
hexagonal portion, and a second end 31 Sic. in an exemplary embodiment the angle of 
atladc of the tapered hexagonal portion 315ib ranges from about 35 to 50 degrees for 
reasons to be described. 

25 As illustrated in Figs. 3, 3a-3c, and 3f-3h, a plurality of expansion cone 

segments 325 are provided that include fvst ends 32Sa that include T-shaped retaining 
members 325aa and second ends 325b that include T-shaped retaining members 
325ba that mate v/ith and are received within connesponding T-shaped slots 315iba on 
the tapered hexagonal portion 31 5ib of the expansfon cone support body 3151, first 

30 extemal surfaces 325bb. second external surfeices 325bc. and third extemal surfaces 
325bd. Thus, in an exemplary embodiment, a total of six expansion cone segments 
325 are provided that are slldably coupled to corresponding sides of the tapered 
hexagonal portion 315ib of the expansion cone support body 3151. 

In an exemplary embodiment, the widths of the first extemal surfaces 325bb of 

35 the expansion cone segments 325 increase in the direction of the second extemal 
surfeoes 325bc the widths of the second extemal surfaces are substantially constant. 
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and the widths of the third external surfaces 325l)d decrease in the direction of the first 
ends 325a of the expansion cone segments for reasons to be described. In an 
exemplary embodiment the first external surfeioes 325bb of the expansion cone 
segments 325 taper upwardly in the direction of the second external surfaces 325bc, 
5 the second extemal surbces taper upwardly in the dlrsdion of the third external 
surfaces 325bd. and the third extemal surfaces 325bd taper downwardly in the 
direction of the first ends 325a of the expansion cone secants for reasons to be 
described. In an exemplary embodiment, the angle of attadc of the taper of the first 
extemal surfaces 325bb of the expansion cone segments 325 are greater than the 

10 angle of attadc of the taper of the second extemal surfaces 325bc. In an exemplary 
embodinr^t, the first and second extemal surfaces, 325bb and 325bc. of the 
expansion cone segments 325 are arcuate such that when the expansion cone 
segments 325 are displaced in the direction of the end stop 320, the first and second 
extemal surfaces of the expansion cone segments provide a substantially continuous 

15 outer drcumferentiai surface for reasons to be described. 

As illustrated in Fig. 31, in an exemplary emtxxliment. the extemal surfaces. 
325bb, 325bc, and 325bd, of the second ends 325b of the expansion cone segments 
325 are adapted to niate with one another in order to interlock adjacent expansion 
cone segments. 

20 A split ring coliar 330 that defines a passage 330a for receiving the tubular 

support member 315 Is prodded that includes a first end that includes plurality of T- 
shaped slots 330b for receiving and mating with conesponding T-shaped retaining 
members 325aa of the expansion cone segments 325 and a second end that includes 
an L-shaped retaining member 330c. In an exen^lary embodiment, the split ring coliar 

25 330 is a conventional split ring collar commercially available from Halliburton Energy 
Services modified in accordance with the teachings of the present disclosure. 

A collet assembly 335 is provided that includes a support ring 335a that defines 
a passage 335aa for receiving the tubular support member 315 and is coupled to an 
end of a resilient collet 335b having upper and tower sets of oppositely tapered 

30 shoulders, 335ba and 335bb, and, 335bc and 335bd, respedively, that is positioned 
proximate the fourth flange 31 5g of the tubular support member 31 5. The other end of 
the collet 335b is coupled to an end of a tubular sleeve 335c that defines a passage 
335ca. The other end of the tubular sleeve 335c is coupled to an end of a pin 335d. 
The other end of the pin 335d is coupled to a ring 335e that defines a passage 335ea 

35 for receiving the fifth fiange 315h of the tubular support member 315. An end of a 
tubular coupling sleeve 335f that defines a passage 335fa for receiving the tubular 
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support member 315 is received within the opening 335ca of the tubular sleeve 335c 
that irK:tudes a recess 335fb for receiving the fifth flange 31 5h of the tubular support 
nnember 31 5 and the ring 335e, and a radial passage 335fc for receiving the pin 335d. 
Another end of the tubular coupling sleeve 335f includes a passage 335fd for receiving 
5 the tubular support member 315 and a slot 335fe for recehfing the L-shaped retaining 
member 330c of the split ring collar 330. A ring 335g that defines a passage 335ga for 
receiving the tubular support member 315. a sprhg 335h, and a ring 335i that defines a 
passage 335ia for receiving the tubular support member 315 are also received within 
the recess 335fb. The ring 335g is positioned proxirrate one end of the recess 335fb, 
10 the ring 3351 is positioned proximate the fifth flange 315h of the tubular support 
member 31 5 within the other end of the recess, and the spring 335h is positioned 
between the rings. 

A first conventional paclcer cup assembly 340 that defines a passage 340a for 
receiving the tubular support member 315 includes a first end 340b that mates with the 

1 5 fourth flange 315f of the tubular support member, a conventional sealing cup 340c, and 
a second end 340d. A tubular spacer 345 that defines a passage 345a for receiving 
the tubular support member 315 includes a first end 345b that mates with the second 
end 340d of the first packer cup assembly 340 and a second end 345c. A second 
conventional packer cup assembly 350 that defines a passage 350a for receiving the 

20 tubular support member 315 includes a first end 350b that mates with the second end 
345c of the spacer 345, a conventional sealing cup 350o, and a second end 350d that 
mates with the third fiange 315e of the tubular support member. 

A ooUet assembly 355 is provided that includes a support ring 355a that defines a 
passage 355aa for receiving the tubular support member 315 and Is coupled to an end 

25 (rf a resilient collet 355b having upper and lower sets of oppositely tapered shoulders, 
355ba and 355bb, and, 355bc and 355bd, respectively, that is positioned proximate the 
first flange 31 5b of the tubular support member 315. The other end of the collet 355b 
is coupled to an end of a tubular sleeve 35Sc that defines a passage 355ca. The other 
end of the tubular sleeve 355c is coupled to an end of a prn 355d. The other end of the 

30 pin 355d is coupled to a ring 355e that defines a passage 355ea for receiving the 
secoTKi ftenge 315c of the tubular suppori member 315. An end of a tubular sleeve 
355f that defines a passage 355fa for receiving the tubular support member 315 Is 
received within the opening 355ca of the tubular sleeve 355c that includes a recess 
355fb for receiving the second flange 315c of the tubular support member 31 5 and the 

35 ring 355e, and a radial passage 355fc for receiving the pin 355d. Another end of the 
tubular sleeve 355f includes a passage 355fdl for reodving the tubular support member 
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315, a recess 355fe for receiving an end of the tubular sleeve 355c, and sealing 
meml)ers 355ff . A ring 355g that defines a passage 355ga for receiving the tubular 
support member 315 and a spring 355h are also received within the recess 355fb. An 
end of the ring 355g is positioned proximate the second flange 315c of the tubular 
5 support member 315 within an end of the recess 355fb and the other end of the ring is 
positioned an end of the spring 355h. The other end of the spring 355h is position^ 
proximate the other end of the recess 355fb. 

In an exemplary embodiment, during operatton of the apparatus 300, as 
Illustrated in Figs. 3 and 3a-3j, the apparatus may be initially positioned in the weiibore 

10 100. within the casing 1 10. with the collet assemblies 335 and 355 positioned in a 

neutral position in which the radial passage 315d of the tubular support member 315 is 
not covered by the tubular sleeve 355f and the expansion cone segments 325 are not 
driven up the tapered hexagonal portion 315ib of the expansion cone support body 
31 5i of the tubular support member .31 5 into contact with the stop member 320. In this 

1 5 manner, fluidic materials within the interior 31 5a of the tubular support member 31 5 
may pass through the radial passage 31 5d into the annulus between the apparatus 300 
and the casing 1 10 thereby preventing over pressurization of the annulus. 
Furthemnore, in this manner, the outside diameter of the expansion cone segments 325 
is less than or equal to the outside diameter of the stop member 320 thereby pemnitting 

20 the apparatus 300 to be displaced within the casing 110. 

As illustrated in Figs. 4, and 4a-4d, the apparatus 300 may then be positioned 
in the tubular member 120. During the insertion of Ihe apparatus into the tubular 
member 120, the upper end 1 20b of the tubular member may impact the tapered 
shoulders, 335bb and 355bb, of the ooliets. 335b and 355b, respectively, theretyy 

25 driving the cdlels backward until the tapered shoulders, 335bd and 355bd. of the 

collets are positioned proximate the tapered shouldere, SlSga and 315ba. respectively, 
of the tubular support member. As a result, the support rings, 335a and 355a, the 
collets. 335b and 355b. the tubular sleeves, 335c and 355c, the pins. 335d and 355d. 
the rings, 335e and 355e, and the rings. 335g and 355g, of the collet assemblies, 335 

30 and 355, respectively, are driven backward, compressing the springs. 335h and 355h, 
thereby applying axial biasing forces to the tubular coupling sleeve 335f and the tubular 
sleeve 355f. respectively. In this manner, an axial biasing force is applied to the split 
ring collar 330 and the expansion cone segments 325 that prevents the expansion 
cone segments from being driven up the tapered hexagonal portion 315ib of the 

35 expansion cone support body 31 5i of the tubular support member 31 5 into contact with 
the stop member 320. Thus, the outside diameter of the expansion cone segments 
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325 b maintained in a position that is less than the inside diameter of the tubular 
meml)er 120 thereby pennitting the apparatus 300 to be displaced within the tubular 
member. Furthermore, In this nnanner, an axial biasing force is applied to the tubular 
sleeve 355f thereby preventing the tubular sleeve from covering the radial passage 
5 315d in the tubular support member 315. Thus, fluidic materfals within the Interior 315a 
of the tubidar support member 315 may pass through the radial passage 315d into the 
annulus between the apparatus 300 and the tubular member 120 thereby preventing 
over pressiirization of the annulus. 

The apparatus 300 may then be at least partiaily positioned in the open hole 

10 section 115a of the wellbore section 1 15. beyond the lower end 120c of the tubular 
member 120. In an exemplary embodiment tliat portion of the apparatus 300 that 
includes the stop member 320. the expansion cone segments 325, the split ring collar 
330. the collet assembly 335. the padcer cup assembly 340. the spacer 345, the packer 
cup assembly 350, and the collet assembly 355 is then positioned in the open hole 

1 5 section 1 15a of the wellbore section 1 15, beyond the lower end 120 of the tubular 
member for reasons to be described. Because the collets, 335b and 355b, are 
resilient, once the apparatus 300 has been positioned in the open hole section 1 1 5a of 
the wellbore section 115, beyond the lower end 120c of the tubular member 120. the 
tapered shoulders, 335ba and 355ba, of the collets may spring outwardly in the radial 

20 direction. 

The apparatus 300 may then be repositioned at least partially back within the 
tubular member 120. During the re-insertton of the apparatus into the tubular member 
120, the lower end 1 20c of the tubular member may impact the tapered shoulders, 
335ba and 355ba, of the collets, 33Sb and 355b, respectively, thereby driving the 

25 collets fbnfvard until the tapered shoulders, 335bc and 355bc of the collets are 
positioned proximate the tapered shoulders, 315gb and 31Sbb, respectively, of the 
tubular support member 315. As a result, the support rings, 335a and 355d. the 
collets. 335b and 355b, the tubular sleeves, 335c and 355c, the pins, 335d and 355d. 
the rings, 335e and 355e, the tubular coupling sleeve 335f , the tubular sleeve 355f , the 

30 rings, 335g and 355g, and the ring 335i of the collet assemblies, 335 and 355, 
rsspecBveiy, are driven forward, thereby compressing the springs. 335h iand 355h, 
thereby sealing off the radial passage 31 5d and driving the expansion cone segments 
325 up the tapered hexagonal portion 315ib of the expansion cone support body 3151 
of the tubular support member 315 into contact with the stop member 320. 

35 As a result, the outside diameter of the expansion cone segments 325 is now 

greater than the inside diameter of expandat>le tubular member 120 thereby permitting 
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the apparatus 300 to be used to radially expand and plastically defonm the tubular 
member, and fiuidic nnaterials >Arithin the interior 315a of the tubular support member 
315 may no longer pass through the radial passage 31 Sd into the annulus between the 
apparatus 300 and the tubular member thereby permitting the interior of the apparatus 
5 to be pressurized. 

The apparatus 300 may then be operated to radialy expand and plastically 
deform the tubular member 120 by applying an upward axial force to the tubular 
support merirtber 315 and/or by injecting a pressurized fiuidic material into the tubular 
support member. 

10 In particular, as illustrated in Figs. 5 and 5a-5d, the expandable tubular member 

120 may then be radially expanded using the apparatus 300 by injecting a fiuidic 
material 275 into tt)e apparatus through the passages 305a, 310a, 315a, and 320a. 
The injection of the fiuidic material 275 may pressurize the interior 120a of the 
expandable tubular member 120. In addition, because the packer cup assemblies, 340 

15 and 350, seal off an annular region 120ad below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 315, the injection 
of the fiuidic material 275 may also pressurize the annular region. 

The continued injection of the fiuidic material 275 may then pressurize the 
interior 120a of the expandable tubular member 120 thereby plastically defomnlng and 

20 radially expanding the expandable tubular member off of the expansion cone segments 
325. Because the outer surfaces, 325bb and 325bc, of the expanston cone segments 
325 are tapered, the plastk: deformation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 
Furthermore, in ah exemplary embodiment, the continued injectton of the fiuidic 

25 material 275 also pressurizes the annular region 1 20aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 315 that is bounded on the upper end by the packer cup assemt>ly 
340 and on the lower end by the expansion cone segments 325. Furthemnore. in an 
exemplary embodiment, the pressurization of the annular regton 120aa also radially 

30 expands at least a portion of the surrounding portion of the expandable tubular nnember 
120. In this manner, the plastic deformation and radial expanston of the expandable 
tubular memt^r 120 is enhanced. Furthermore, during operation of the apparatus 300, 
the packer cup assemblies 340 and 350 prevent the pressurized fiuidic material 275 
from passing above arid beyond the packer cup assemblies and thereby define the 

35 length of the preissurized annidar regton 120aa In an exemplary embodiment, the 
pressurizatton of the annular regk>n 120aa decreases the operating pressures required 
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for plastic deformation and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered extemal surfaces. 
325bb and 325bc of the expansion cone segments 325. 

The radial expansion of the expandable tubular member 120 may then continue 
5 until the upper end 1 20b of the expandable tubular member is radially expanded and 
plastically defomned along with the overlapping portion of the wellbore casing 1 10. 
Because the expansion cone segments 325 may be adjustable positioned from an 
outside diameter less than the inside diameter of the expandable tubular member 120 
to an outside diameter substantially equal to the inside diameter of the pre-existing 
10 casing 110, the resulting wellbore casing, including the casing 1 10 and the radially 
expanded tubular member 120, created by the operation of the apparatus 300 may 
have a single substantially constant inside diameter thereby providing a nrK>no-dlanr)eter 
wellbore casing. 

During the radial expansion process, the expansion cone segments 325 may be 

15 raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 315. In a prefened embodiment, during the 
radial expansion process, the expansion cone segments 325 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to l^eep 
the tubular member stationary relative to the new wellbore section 115. 

20 In a prefened embodiment, when the upper end portion of the expandable 

tubular member 120 and the lower portion of the wellbore casing 1 10 that overiap with 
one another are piasticaily defomied and radially expanded by the expansion oone 
segments 325, the expansion cone segments are displaped out of the wellbore 100 by 
both the operating pressure within the interior of the tubular member 120 and a 

25 upwardly directed axial force applied to the tubular support member 305. 

In a prefened embodiment the operating pressure and flow rate of the fluidic 
material 275 is oontrollably ramped down when the expansion cone segments 325 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 

30 deformation of the expandable tubular member 1 20 off of the expansion cone 

segments 325 can be minimized. In a preferred embodiment, the operatir>g pressure is 
reduced in a substantially linear fashion from 100% to about 10% during the end of the 
extrusion process beginning when the expansion cone segments 325 are within about 
5 feet from completion of the extrusion process. 

35 Alternatively, or in combination, the wall thickness of the upper end portion of 

ttie expandable tubular member 120 is tapered in order to gradually reduce the 
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required operating pressure for pteistically deforming and radially exparKling the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provMed in the tubular 
5 support member 305 in order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventbnal 
commercially available shock absorber, bimiper sub. or jars adapted for use in wellbore 
operattons. 

AKematively, or in combination, an expansion cone catching structure is 

1 0 provided in the upper end portion of the expandable tubular member 1 20 in order to 
catch or at least decelerate the expansion cone segments 325. 

Attemativety, or in comblnatton, during the radial expansion process, an upward 
axial force is applied to the tubular support member 315 sufRcient to plastically deform 
and radially expand the tubular member 1 20 off of the external surfaces, 225bb and 

1 5 225bc, of the expansion cone segments 325. 

Alternatively, pr in combination, in order to facilitate the pressurizatton of the 
interior 120a of the expandable tubular member by the injection of the fluidic materials 
275, the region within the wellbore sectton 115 below the apparatus 300 may be 
flukiicly sealed off in a convention manner using, for example, a packer. 

20 Once the radial expansion process is completed, the tubular support member 

305, the tubular support member 31 0, the tubular support member 31 5, the end stop 
320, the expansion cone segments 325, the split ring collar 330, the collet assembly 
335, the packer cup assembly 340, the spacer 345, the packer cup assembly 350, and 
the collet asserfibly 355 are rennoved from the welltx)res 100 and 115. 

25 Referring to Rgs. 6 and 6a-6k, an alternative embodiment of an apparatus 400 

for fcmning a wellbore casing In a subtenanean formatton will now be described. The 
apparatus 400 includes a tubular support member 405 defining an internal passage 
405a that is coupled to an end of a tubular coupling 410 defining an internal passage 
410a. The other end of the tubular coupling 410 is coupled to an end of ia tubular 

30 support member 41 5 defining an inten^l passage 41 5a that includes a first flange 
415b, a first radial passage 415c, a second radial passage 41 5d, a second flange 
415e, a stepped fierce 415f, a third flange 415g. a fourth flange 415h, a fifth flange 
41 5i, and an expansion cone body 41 5J. The other end of the tubular support member 
415 is coupled to a tubular end stop 420 that defines a passage 420a. 

35 As Illustrated In Figs. 6e and 6f, the expanston cone support body 415j includes 

a first end 415ja, a tapered hexagonal portiori 415Jb that includes a plurality of T- 
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shaped slots 41 Sjba provided on each of the external faceted surfaces of the tapered 
hexagonal portion, and a second end 41Sjc. In an exemplary embodinnent, the angle of 
attack of the tapered hexagonal portion 415jb ranges from about 35 to 50 degrees for 
reasons to be described. 
5 As illustrated in Figs. 6, 6a-6d, and 6g-6i, a plurality of expansion cone 

segments 425 are provided that include first ends 425a that include T-shaped retaining 
nriembers 425aa and second ends 425b that include T-shaped retaining members 
425ba that mate with and are received within corresponding T-shaped slots 41 Sjba on 
the tapered hexagonal portion 415jb of the expansion cone support body 41 5j. first 

10 extemal surfaces 425bb, second external surfaces 425bc, and third external surfaces 
425bd. Thus, in an exemplary emtxxiiment, a total of six expansion cone segments 
425 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 415jb of the expansion cone support body 41 5J. 

In an exemplary embodiment, the widths of the first extemal surfaces 425bb of 

15 the expansion cone segments 425 increase In the direction of the second extemal 
surfaces 425bc, the v^ths of the second extemal surfaces are substantially constant, 
and the wklths of the third extemal surfaces 425bd decrease in the direction of the first 
ends 425a of the expansion cone segments for reasons to be described, in an 
exemplary embodiment, the first extemal surfaces 425bb of the expansion cone 

20 segments 425 taper upwardly in the direction of the second extemal surfaces 425bc. 
the second extemal surfaces taper upwardly in the direction of the third extemal 
surfaces 425bd, and the third extemal surfaces 425bd taper downwardly in the 
direction of the first ends 425a of the expansion oone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 

25 extemal surfaces 425bb of the expansion cone segments 425 are greater than the 
angle of attack of the taper of the second extemal surfaces 425ba In an exemplary 
embodiment, the first and second extemal surfaces. 425bb and 425bc, of the 
expansion cone segments 425 are arcuate such that when the expansion cone 
segments 425 are displaced in the direction of the end stop 420. the first and second 

30 extemal surfaces of the expansion cone segments provide a substantially continuous 
outer circumferential surfece for reasons to be descrit>ed. 

As illustrateid in Fig. 6J, in an exemplary embodiment, the extemal surfaces, 
425bbp 425bc. and 425bd. of the second ends 425b of the expansion cone segments 
425 are adapted to mate with one another in order to interiock adjacent expansion 

35 cone segments. 
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A split ring collar 430 that defines a passage 430a for receiving the tubular 
support nf)emt>er 415 is provided that includes a first end that includes plurality of T- 
shaped slots 430b for receiving and nnating with corresponding T-shaped retaking 
members 42Saa of the expansion cone segments 425 and a second end that includes 

5 an L-shaped retaining member 430c. In an exemplary embodiment, the split ring collar 
430 Is a conventional split ring collar commercially available from Halliburton Energy 
Services modified in accordance with the teachings of the present disclosure. 

A dog assembly 435 is provided that includes a tubular sleeve 435a that defines 
a passage 435aa for receiving the tubular support member 415 that includes a first end 

10 that includes a slot 435ab for receiving and mating with the L-shaped retaining member 
430c of the split ring collar 430, a radial passage 435ac, and a recess 435ad for 
receiving the fifth flange 415a of the tubular support member 41 5. A second end of the 
tubular sleeve 435a includes a flange 435ae that mates with the fourth flange 41 5h of 
the tubular support member 41 5. A retaining ring 435b that defines a passage 435ba 

1 5 for receiving the fifth flange 41 5i is received within the recess 435ad of the tubular 
sleeve 435a and is coupled to an end of a load transfer pin 435c. The opposite end of 
the load transfer pin 435c is received withiri the radial passage 435ac of the tubular 
sleeve 435a and is coupled to an end of a tubular sleeve 435d that includes a recess 
435da at a first end for receiving the tubular sleeve 435a, and a radial opening 435dc 

20 for receiving a conventional resilient dog 435e. A spring 435f and a ring 435g that 
defines a passage 435ga for receiving the tubular support nnember 41 5 are received 
within the recess 435ad of the tubular sleeve 435a between a first end of the recess 
and the fifth flange 4151 of the tubular support member. 

A first conventional packer cup assembly 440 that defines a passage 440a for 

25 receiving the tubular support member 415 includes a first end 440b that mates with the 
fourth flange 41 Sg of the tubular support member, a conventional sealing cup 440c, 
and a second end 440d. A tubular spacer 445 that defines a passage 445a for 
receiving the tubular support member 415 includes a first end 445b that mates with the 
second end 440d of the first packer cup assembly 440 and a second end 445c. A 

30 second conventional packer cup assembly 450 that defines a passage 450a for 

receiving the tubular support nnember 415 includes a first end 450b that mates with the 
second end 445c of the spacer 445, a conventional sealing cup 450c, and a second 
end 450d that mates with the stepped flange 41 5f of the tubular support member. 
A dog assembly 455 is provided that includes a tubular sleeve 455a that defines 

35 a passage 455aa for receiving the tubular support memt>er 415. A first end of the 
tubular sleeve 455a Includes a radial opening 455ab for receiving a conventtonal 
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resilient dog 455b. A second end of the tubular sleeve 455a includes a recess 455ac 
and is coupled to an end of a load transfer pin 455c. The opposite end of the load 
transfer pin 455c is coupled to a retaining ring 455d that defines a passage 455da for 
receiving the tubular support nnember 415. A tubular sleeve 455e is received within the 
5 recess 455ac of the tubular sleeve 455a that defines a passage 455ea for receiving the 
tubular support member 41 5 and includes a first end that includes a radial passage 
455eb for receiving the load transfer pin 455c and a recess 455ec for receiving a spring 
4S5f. A ring 455g that defines a passage 4S5ga for receiving the tubular support 
member 41 5 is further received within the recess 455ec of the tubular sleeve 455e 

10 between the spring 45Sf and the second flange 41 5e of the tubular support member 
415. A second end of the tubular sleeve 455e includes a radial passage 455ed, 
sealing members. 455ef and 455eg. and a recess 455eh that mates with the first flange 
41 5b of the tubular support member 41 5. 

In an exemplary embodiment, during operation of the apparatus 400, as 

15 iiiustrated in Figs. 6 and SaSK the apparatus may be initiaiiy positioned In the wellbore 
100, within the casing 110, with the dog assemblies 435 and 455 positioned in a 
neutral position in which the radial passage 415d of the tubular support member 415 is 
fluldiciy coupled to the radial passage 455ed of the dog assembly 455 and the 
expansion cone segments 425 are not driven up the tapered hexagonal portion 415jb 

20 of the expansion cone support body 41 5| of the tut)ular support member 41 5 into 
contact with the stop member 320. In this manner, fluidic materials within the interior 
415a of the tubular support member 415 may pass through the radial passages, 415d 
and 455ed. into the annulus between the apparatus 400 and the casing 110 thereby 
preventing over pressurization of the annulus. Furthermore, in this manner, the outside 

25 diameter of the expansion cone segments 425 is less than or equal to the outside 
diameter of the stop member 420 thereby pemnitting the apparatus 400 to be displaced 
udthin the casing 110. 

As iiiustrated in Figs. 7, and 7a-7c, the apparatus 400 may then be positioned in 
the tubular member 120. During the insertion of the apparatus into the tubular member 

30 120, the upper end 120b of the tubular member may impact the ends of the resilient 
dogs, 435e and 455b. of the dog assemblies. 435 and 455. respectively, thereby 
driving the resilient dogs, 435e and 455b. backwards off of and adjacent to one side of 
the flanges, 41 5h and 41 5f , respectively. As a result of the backward axial 
displacement of the resilient dog 435e, the tubular sleeve 435d, the pin 435c, the 

35 retaining ring 435b, and the ring 435g of the dog assembly 435 are driven backward 
thereby compressing the spring 435f and applying an axial biasing force to the tubular 
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sleeve 435a that prevents the expansion oone segments 425 from t)eing displaced 
toward the end stop 420. As a result of the backward axial displacement of the resilient 
dog 455b, the tubular sleeve 455a, the pin 455c, the retaining ring 455d, and the ring 
455g of the dog assembly 455 are driven badcward thereby compressing the spring 
5 4S5f and applying an axial biasing force to the tubular sleeve 455e that prevents the 
radial passages, 41 5d and 455ed from being fluididy decoupled. 

The apparatus 400 may then.be at least partially positioned in the open hole 
secticHi 1 1 5a of the wellbore section 115, beyond the lower end 120c of the tubular 
member 1 20. In an exemplary embodiment, that portion of the apparatus 400 that 

10 includes the stop member 420, the expansion cone segments 425. the split ring collar 
430, the dog assembly 435, the packer cup assembly 440, the spacer 445, the packer 
cup assembly 450, and the dog assembly 455 is then positioned in the open hole 
section 11 5a of the wellbore section 1 1 5, beyond the lower end 1 20 of the tubular 
member for reasons to be described. Because the dogs, 435e and 455b, of the dog 

1 5 assemblies, 435 and 455, respectively, are resilient, once the apparatus 400 has been 
positioned in the open hole section 1 15a of the wellbore section 115. beyond the lower 
end 120c of the tubular member 120, the resilient dogs, 435e and 455b, of the dog 
assemblies may spring outwardly in the radial direction. 

The apparatus 400 may then be repositioned at least partially back within the 

20 tubular member 120. During the re-insertion of the apparatus Into the tubular member 
120, the tower end 120c of the tubular member may impact the ends of the resilient 
dogs, 435e and 455b. of the dog assemblies, 435 and 455, respectively, thereby 
driving the resilient dogs fonrard until the resilient dogs are positkmed beyond and 
adiacent to the other side of the flanges, 415h and 415f, of the tubular support member 

25 415. 

As a result of the fonward axial displacement of the resilient dog 435e, the 
tubular sleeve 435a, the retaining ring 435b, the pin 435c the tubular sleeve 435d, the 
spring 435f, and the ring 435g of the dog assembly 435 are displaced In the fonrard 
axial directton thereby also displacing the split ring collar 430 and the expanston cone 

30 segments 425 in the fonrard axial direction. As a result, the expansion cone segments 
425 are driven up the tapered hex^onal portion 415jb of the expanston cone support 
body 41 5J of the tubular support member 415 into contact with the stop member 320. 

As a result of the forward axial displacement of the resilient dog 455b, the 
tubular sleeve 455a, the pin 455c, the retaining r^ 455d, the tubular sleeve 455e, the 

35 spring 455f. and the ring 45Sg of the dog assembly 455 are driven fonrard in the axial 
dlrBctk)n thereby fluididy decoupling the radial passages. 415d and 455ed. and fluididy 
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ooupling the radial passages 41 5c and 41 5d. As a result fluidic materials witMn the 
tubular support member 415 may not pass into the annulus between the tubular 
support nnember and the tubular member 120. 

As a result of the forward axial displacement of the resilient dog 435e, the 
5 outside diameter of the expanston cone segments 425 is now greater than the inside 
diameter of expandable tubular member 120 thereby permitting the apparatus 400 to 
be used to radially expand and plastically defonm the tubular member, and fluidic 
materials within the interior 41 5a of the tubular support member 41 5 may no longer 
pass through the radial passages, 41 5d and 45Sed, into the annulus between the 
Id apparatus 400 and the tubular member thereby permitting the interior of the apparatus 
to be pressurized. 

The apparatus 400 may then be operated to radially expand and plastically 
deform the tubular member 120 by applying an upward axial force to the tubular 
support memt>er 415 and/or by injecting a pressurized fluidic ntaterial into the tubular 

15 support member. 

In particular, as illustrated in Figs. 8 and 8a-8d, the expandable tubular member 
120 may then be radially expanded using the apparatus 400 by injecting a fluidic 
material 275 into the apparatus through the passages 405a. 310a, 415a, and 420a. 
The injection of the fluidic material 275 may pressurize the interior 120a of the 

20 expandable tubular member 120. In addition, because the packer cup assemblies, 440 
and 450, seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 415. the injection 
of the fluMIc material 275 may also pressurize the annular region. 

The continued injecUon of the fluidic material 275 may then pressurize the 

25 interior 1 20a of the expandable tubular member 120 thereby piastically deforming and 
radially expanding the expandable tubular member off of the expansiorv cone segments 
425. Because the outer surfaces, 425bb and 42Sbc, of the expansion cone segments 
425 are tapered^ the plastic deformation and radial expanston of the expandable 
tubular member 1 20 proximate the expanston cone segments is facilitated. 

30 Furthermore, in an exemplary embodiment the continued injection of the fluidic 

material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support memt>er 415 that is bounded on the upper end by the packer cup assembly 
440 and on the lower end by the expanston cone segments 425. Furthermore, in an 

35 exemplary embodiment, the pressurizatton of the annular region 1 20aa also radially 
expands at least a portion of the surrounding portion of the expandable tubular member 
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120. In this manner, the plastic defonmation and radial expansion of the expandable 
tubular member 120 is enhanced. Furthermore, during operation of the apparatus 300, 
the packer cup assemblies 440 and 450 prevent the pressurized fluidic material 275 
from passing above and beyond the packer cup assemblies and thereby define the 

5 length of the pressurized annular region 120aa. In an exemplary embodiment, the 
pressurization off the annular regton 120aa decreases the operating pressures required 
for plastic deformation and radial expansion (rf the expandable tubular member 1 20 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
425bb and 425bc of the expansion cone segments 425. 

1 0 The radial expansion of the expandable tubular member 1 20 may then continue 

until the upper end 120b of the expandable tubular member is radially expanded and 
plastically defomned atong with the overlapping portion of the wellbore casing 1 10. 
Because the expansion cone segments 425 may he adjustably positioned from an 
outskJe diameter less than the inside diameter of the expandable tubular member 120 

15 to an outside diameter substantially equal to the inside diameter of the pre-existing 
casing 1 10, the resulting wellbore casing, including the casing 1 10 and the radially 
expanded tubular member 120, created by the operation of the apparatus 400 may 
have a single substantially constant inskie diameter thereby providing a nrano-diameter 
wellbore casing. 

20 During the radial expansion process, the expanston cone segments 425 may be 

raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 415. In a prefened embodiment, during the 
radial expansion process, the expansk3n cone segments 425 m raised at 
approxintately the same rate as the tubular member 120 is expanded in order to keep 

25 the tubular member statkxwy relative to the new wellbore sectton 115. 

In a preferred embodiment, when the upper end portion of the expandable 
tubular member 120 and the lower portion of the wellbore casing 110 that overtap with 
one another are plastically deformed and radially expanded by the expansk)n cone 
segments 425, the expansion cone segments are displaced out of the welltx}re 100 by 

30 both the operating pressure within the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 405. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 
material 275 is controllably ramped down when the expansion cone segments 425 
reach the upper end portton of the expandable tubular member 1 20. In this manner, 

35 the sudden release of pressure caused by the complete radial expanston and plastic 
deformation of the expandable tubular member 120 off of the expanston cone 
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segments 425 can be minimized. In a prefenBd embodiment, the operating pressure is 
reduced in a substantially Dnear feshion from 100% to about 10% during the end of the 
extrusion process beginning when the expansion cone segnnents 425 are within about 
5 feet from completion of the extrusion process. 
5 Alternatively, or in combination, the wall thickness of the upper end portion of 

the expandable tubular member 120 is tapered in order to gradually reduce the 
required operating pressure for plastically defonning and radially expanding the upper 
end portion of the tubular member. In this manner, shocic loading cf the apparatus is at 
least reduced. 

10 Altemativeiy. or in combination, a shod^ absort)er is provided In the tubular 

support member 405 In order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventional 
commercially available shock absorber, bumper sub, or jars adapted for use in wetlbore 
operatbns. 

15 Altemativeiy, or in combination, an expansion cone catching structure is 

provided in the upper end portion of the expandable tubular member 1 20 in order to 
catch or at least decelerate the expansion cone segments 425. 

Altemativeiy, or in combination, during the radial expanston process, an iqpward 
axial force is applied to the tubular support member 415 sufficient to plastically defonm 

20 and radially expand the tubular member 1 20 off of the external surfaces. 225bb and 
22Sbc, of the expansion cone segments 425. 

Altemativeiy, or in combination, in order to facilitate the pressurization of the 
interior 120a of the expandable tubular member by the iniection of the fluidic materials 
275. the region within the wellbore section 115 below the apparatus 400 may be 

25 fluMicly sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 
405, the tubular support nnember 410, the tubular support member 415, the end stop 
420, the expansion cone segments 425, the split ring collar 430. the dog assembly 435, 
the packer cup assembly 440, the spacer 445. the packer cup assembly 450, and the 

30 dog assembly 455 are renrK>ved from the weUt)ores 1 00 and 115. 

Referring now to Figs. 9. 9a, 10 and 10a, an embodiment of an adjustable 
expansion cone assembly 500 will be desoibed. The assembly 500 includes a tubular 
support member 505 that defines a passage 505a and includes a flange 505b, an 
exparision cone support flange assembly 505c. and an end stop 505d. The expansion 

35 cone support flange assembly 505c includes a tubular body 505ca and a plurality of 
equally spaced apart expansion cone segment support members 505cb that extend 
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outwardly from the tubular body In the radial direction that each include identical bases 
SOScba and extensions SOScbb. The support members 505cb furttier include first 
sections 505cbc having arcuate conical outer surfaces and second sections SOScbd 
. having arcuate cylindrical outer surfeices for reasons to be descn'bed. 

5 An expansion cone segment assembly 510 is provided that includes a tubular 

support 510a defining a passage SlOaa for receh<ing the tubular support member 505 
and a slot SlOab. A plurality of spaced apart and substantially identical reslDent 
expansion cone segment collets 510b extend from the tubular support 510a in the axial 
direction that include expansion cone segments 510ba extending therefrom in the axial 

10 direction. Each of the expansion cone segments SlOba further include arcuate conical 
expansion surfaces 510t>aa for radially expanding an expandable tubular rriember. 

A split ring collar 515 is provided that defines a passage 515a for receiving the 
tubular support member 505 that includes an L-shaped retaining member 515b at one 
end for mating with the slot 510ab of the tubular support 510a of the expansion cone 

1 5 segment assembly 51 0. Another end of the split ring collar 51 5 includes an L-shaped 
retaining member 515c. A tubular sleeve 520 is provided that defines a passage 520a 
for receiving the tubular support member 505 that includes a slot 520b for receiving the 
L-shaped retaining member 51 5c of the split ring collar 51 5. 

During operation of the assembly 500. as Illustrated in Figs. 9 and 9a. in an 

20 unexpended position, the expansion cone segments 51 Oba of the expansion cone 
segment assembly 51 0 are positioned adjacent to the base of the conical section 
505cbc of the expansion cone segment support members 505cb with the outside 
diameter of the expansion cone segments less than or equal to the maximum outside 
diameter of the assembly. As illustrated in Figs. 1 0 and 10a. the assembly 500 may 

25 then be expanded by displacing the tubular sleeve 520, the split ring collar 51 5, and the . 
expansion cone segment assembly 510 in the axial direction towards the expansion 
cone segment support members 505cb. As a result, the expansion cone segments 
SlOba are driven up the conical section 505cbc of the expansion cone segment 
support members 505cb and then onto the cylindrical section 505cbd of the expansion 

30 cone segment support members until the expansion cone segments impact the end 
stop 505d. In this manner, the outside diameter of the expansion segments SlOba is 
greater than the maximum diameter of the remaining components of the assen^ly 500. 
Furthenmore, the conical outer surfoces 510baa of the expansion cone segments 
51 Oba may now be used to radially expand a tubular member. Note that the 

35 extensions 505cbb of the expansion cone segment supporii members 505cb provide 
support in the circumferential direction to the adjacent expansion cone segments 
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510ba. In an exemplary embodiment, the outer conical surfaces SlObaa of the 
expansion cone segments 510ba in the expanded position of ttie assembly 500 provide 
a substantially continuous outer conical surfaces in the circumferential direction. 
The assembly 500 may then be returned to the unexpended position by 
5 displacing the tubular sleeve 520, the split ring collar 515. and the expansion cone 
segment assembly 51 0 in the axial direction away from the expansion cone segment 
support members 505cb. As a result, the expansion cone segments 510ba are 
displaced off of the cyiindrical section 505cbd and the conical section 505cbc of the 
expansion cone segment support members 505cb. Because the collets 510b of the 

10 expansion cone segment assembly 510 are resilient, the expansion segments 51 Oba 
are thereby returned to a position in which the outside diameter of the expansion cone 
segments is less than or equal to the maximum dianrieter of the remaining components 
of the assembly 500. 

In several alternative embodiments, the assembly 500 is incorporated into the 

1 5 assemblies 200, 300 and/or 400. 

Refening now to Figs. 1 1 , 1 la, 12 and 12a, an embodiment of an adjustable 
expansion cone assembly 600 will be described. The assembly 600 includes a tubular 
support member 605 that defines a passage 605a and includes an expansion cone 
support flange assembly 605b, and an end stop 605c. The expansion cone support 

20 flange assembly 605b includes a tubular body 605ba and a plurality of equally spaced 
apart expansion cone segment substantially identical support members 605bb that 
extend outwardly from the tubular body in the radial direction. The support members 
605bb further Include first secHons 605bba having arcuate cylindrical outer suriteices, 
second sections 605bbb having arcuate conical outer surfeces, and third sections 

25 605bbc having arcuate cylindrical outer surfaces for reasons to be described. 

An expansion cone segment assembly 610 is provided that includes a tubular 
support 610a defining a passage 610aa for receiving the tubular support member 605 
and a slot 61 Gab. A plurality of spaced apart and substantially identical resilient 
expansion cone segment collets 610b extend from the tubular support 610a in the axial 

30 direction that include expansion cone segments 61 Oba extending therefrom in the axial 
direction. Each of the expansion cone segments 61 Oba further include arcuate conical 
expansion surfaces 610baa for radially expanding an expandable tubular member. 

A split ring collar 615 is provided that defines a passage 615a for receiving the 
tubular support nnember 605 that Includes an L-shaped retaining member 615b at one 

35 end for mating with the slot 610ab of the tubular support 610a of the expansion cone 
segment assembly 61 0. Another end of the split ring collar 615 Includes an L*shaped 
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retaining member 615c. A tubular sleeve 620 is provided that defines a passage 620a 
for receiving the tubular support member 605 that includes a slot 620b for receiving the 
L-shaped retaining member 615c of the split ring collar 615. 

During operation of the assembly 600» as illustrated in Rgs. 1 1 and 1 la Jn an 

5 unexpended position, the expansion cone segnnents 61 Oba of the expansion cone 
segment assembly 610 are positioned on the cylhdricai section 605bba, adjacent to 
the base of the conical section 605bbb, of the expansion cone segment support 
memt>ers 605bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As illustrated in Figs. 12 

10 and 12a, the assembly 600 may then be expanded by displacing the tubular sleeve 
620, the split ring collar 615, and the expansion cone segment assembly 610 in the 
axial direction towards the expansion cone segment support members 605bb. As a 
result, the expansion cone segments 610ba are driven up the conical section 605bbb 
of the expansion cone segment support members 605bb and then onto the cylindrical 

1 5 section 605bbc of the expansion cone segment support members until the expansion 
cone segnr)ents impact the end stop 605c. In this manner, the outside diameter of the 
expansion segments 610ba Is greater than the maximum diameter of the remaining 
components of the assembly isOO. Furthermore, the conical outer surfaces 61 Obaa of 
the expansion cone segments 61 Oba may now be used to radially expand a tubular 

20 member. In an exemplary embodiment, the outer conical surfaces 610baa of the 

expansion cone segments 610ba in the expanded posKlon of the assembly 600 provide 
a substantiaily continuous outer conical surfaces in the circumferentidi direction. 

The assembly 600 may then be returned to the unexpended position by 
displacing the tubular sleeve 620, the split ring oolar 615. and the expansion cone 

25 segment assembly 610 In the axial direction away from the expansion cone segment 
support members 605bb. As a result, the expansion, cone segments 610ba are 
displaced off of the cylindrical section 605bbc and the conical section 605bbb and back 
onto the cylindrical section 605bba of the expan^n cone segment support members 
605bb. Because the collets 610b of the expansion cone segment assembly 610 are 

30 resilient, the expansion segments 610ba are thereby returned to a position in which the 
outside diameter of the expansion cone segments Is less than or equal to the maximum 
diameter of the remaining components of the assembly 600. 

In several altemative embodiments, the assembly 600 is incorporated Into the 
assemblies 200, 300 and/or 400. 

35 Referring now to Figs. 13, 13a, 13b, 13c. 14 and 14a, an embodinrtent of an 

adJustaUe expansion cone assembly 700 will be described. The assembly 700 



46 



includes a tububr support member 705 that defines a passage 705a and includes an 
expansion cone support flange assembly 705b, and an end stop 705c. The expansion 
cone support flange assenribiy 705b includes a tubular body 705ba arid a plurality of 
equally spaced apart expansion cone segment substantially identical support members 
5 70Sbb that extend outwardly from the tubular body in the radial direction. The support 
members 705bb further include first sections 705bba having arcuate cylindrical outer 
surfaces, second sections 705bbb having arcuate conical outer surfaces, and third 
sections 705bbc having arcuate cylindrical outer surfaces for reasons to be described. 
An expansion cone segment assembly 710 is provided that includes a first 

1 0 tubular support 71 Oa defining a passage 71 Oaa for receiving the tubular support 

member 705 that includes a slot 71Ddb and a second tubular support 710b defining a 
passage 710ba for receiving the tubular support member 705 that includes a plurality of 
spaced apart ahd substantially identical axial slots 710bb. A plurality of spaced apart 
and substantially identicai resilient expansion cone segment collets 71 Oac extend from 

IS the first tubular support 710a in the axial direction and are received within 

corresponding ones of the axial slots 710bb in the second tubular support 71 Ob that 
include substantiatly Identicai expansion cone segments 710aca extending therefirom in 
the axtel direction. A plurality of spaced apart and substantially identical resilient 
expansion cone segment collets 710bG extend from the second tubular support 710b in 

20 the axial direction that are interleaved and overlap with the expansion cone segment 
collets 710ac and that include substantially identical expansion cone segments 710bca 
extending therefrom in the axial direction. Each of the expansion oone segments, 
710aca and 710bca. further Include arcuate conical expansion wrfaces, 710acaa and 
710bcaa, respectively, for radially expanding an expandable tubular member. A 

25 plurality of pins 715a-715d couple the expansion cone segment collets 710ac to the 
second tubular support 71 Ob. 

A split ring collar 720 is provided that defines a passage 720a for receiving the 
tubular support member 705 that includes an L-shaped retaining member 720b at one 
end for mating with the slot 710ab of the first tubular support 710a of the expansion 

30 cone segment assembly 710. Another end of the split ring collar 720 includes an L- 
shaped retaining member 720c. A tubular sleeve 725 is provided that defines a 
passage 725a for receiving the tubular support member 705 that includes a slot 725b 
for receiving the L-shaped retaining meniber 720c of the split ring collar 720. 

During operation of the assembly 700, as aiustrated In Figs. 13, 13a, 13b, and 
.35 13c, in an unexpended position, the expansion oone segments 710aca of the 

expansion oone segment assemt>ly 710 overlap with and are positioned oyer the 
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expansion oone segments 710bca of the expansion cone segment assembly, adjacent 
to the base of the conical section 705bbb. of the expansion cone segment support 
memt)ers 705bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As illustrated in Figs. 14 

5 and 14a, the assembly 700 may then be expanded by displacing the tubular sleeve 
725, the split ring ooBar 720, and the expansion cone segment assembly 710 in the 
axial direction towards the expansion cone segment support members 705bb. As a 
result, the expansion cone segn>ents, 710aca and 710bca, are driven up the conical 
section 705bbb of the expansion cone segment support members 705bb and then onto 

10 the cylindrical section 705bbc of the expansion cone segment support members until 
the expansion cone segments Impact the end stop 705c. In this manner, the outside 
diameter of the expansion segments, 71 Oaca and 710bca, is greater than the 
maximum diameter of the remaining components of the assembly 700. Furthermore, 
the conical outer surfaces. 710acaa and 710bcaa, of the expansion cone segments, 

15 710aca and 710bca. respectively, may now be used to radially expand a tubular 
member. In an exemplary embodiment, the outer conical surfaces, 710acaa and 
710bcaa, of the expansion oone segments, 710aca and 71 Obca, respectively. In the 
expanded position of the assembly 700 provide a substantially continuous outer conical 
surfeoes in the drcumferential direction. 

20 The assembly 700 may then be returned to the unexpended position by 

displacing the tubular sleeve 720, the split r<ng ooDar 715, and the expansion cone 
segment ^sembly 710 in the axial direction away from the expansion oone segmerit 
support members 705bb. As a result, the expansion oone segments, 71 Oaca and 
71 Obca, are displaced off of the cylindrical section 705bbc and the conical section 

25 705bbb and bade onto the cylindrtcal section 705bba of the expansion oone segment 
support members 705bb. Because the collets, 710ac and 710bc, of the expansion 
cone segment assembly 710 are resilient, the expansion segments, 710aca and 
71 Obca, are thereby returned to a position in which the outside diameter of the 
expansion cone segments is less than or equal to the nnaximum diameter of the 

30 remaining components of the assembly 700. 

in several attematVe embodiments, the assembly 700 is incorporated into the 
assemblies 200, 300 and/or 400. 

Referring to Figs. IS and 15a-15j, an alternative embodiment of an apparatus 
800 for forming a wellbore casing in a subterranean formation will now be described. 

35 The apparatus 800 includes a tubular support member 805 defining an Internal 

passage 805a that is coupled to an end of a tubular coupling 810 defining an internal 
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passage 810a. The other end of the tubular coupling 810 is coupled to an end of a 
tubular support member 815 defining an internal passage 815a having a throat 
. passage 81 5aa that includes a first radial passage 81 5b. a first flange 81 5c having a 
second radial passage 815d. a second flange 815e having opposite shoulders, 81 Sea 
5 and 815eb, a third flange 815f» and an expansion cone support body 815g. The other 
end of the tubular support member 815 is coupled to a tubular end stop 820 that 
defines a passage 820a. 

As illustrated in Figs. 15d and 15e, the expansion cone support body 815g 
includes a first end 815ga, a tapered hexagonal portion 815gb that includes a plurality 

10 of T*shaped slots 81 5gba provided on each of the external faceted surfaces of the 
tapered hexagonal portion, and a second end 815gc. In an exemplary embodiment, 
the angle of attack of the tapered hexagonal portion 815gb ranges from about 35 to 50 
degrees for reasons to be described. 

As illustrated in Figs. 15, 15a-15c, and 15f-15J, a plurality of expansion cone 

1 5 segments 825 are provided that include first ends 825a that include Trshaped retaining 
members 825aa and second ends 825b that include T-shaped retaining members 
825ba that mate with and are received within corresponding T-shaped slots 815gba on 
the tapered hexagonal portion 815gb of the expansion cone support body 81 5g, first 
external surfeces 825bb, second external surbces 825bc. and third extemal surfaces 

20 825bd. Thus, in an exemplary embodiment, a total of six expansion cone segments 
825 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 815gb of the expansion cone support body 815g. 

in an exemplary emtxxliment, the widths of the first external surfaces 825bb of 
the expansion cone segments 825 increase in the direction of the second extemal 

25 surfeoes 825bc, the widths of the second extemal surfaces are substantially constant, 
and the widths of the third extemal surfaces 825bd decrease in the direction of the first 
ends 825a of the expansion cone segments for reasons to be described. In an 
exemplary embodiment, the first extemal surfaces 825bb of the expansion cone 
segments 825 taper upwardly in the direction of the second extemal surfaces 825bc, 

30 the second extemal surfaces tapier upwardly in the direction of the third extemal 
surfaces 825bd. and the third extemal surfaces 825bd taper downwardly in the 
direction of the first ends 825a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
extOTial surfaces 825bb of the expansion cone segments 825 are greater than the 

35 angle of attack of the taper of the second extemal surfaces 825bc. In an exemplary 
embodiment, the first and second extemal surfaces, 825bb and 825bc. of the 
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expansion cone segments 825 are arcuate such that when the expansion cone 
segments 825 are displaced in the direction of the end stop 420, the first and second 
extemai surfaces of the expansion cone segments provide a substantially continuous 
outer circumferential surface for reasons to t>e described. 
5 As illustrated in Fig. 151, in an exemplary embodiment, the extemai swfaces, 

825bb, 82Sbc. and 825bd, of the second ends 825b of the expansion cone segments 
825 are adapted to mate with one another in order to interlock adjacent expansion 
cone segments. 

A split nr\Q collar 830 that defines a passage B30a for receiving the tubular 

10 support merhber 815 is provided that includes a first erKj that includes plurality of T- 
shaped slots 830b for receiving and mating with conBsponding T-shaped retaining 
members 825aa of the expansion cone segments 825 and a second end that includes 
an L-shaped retaining member 830a In an exemplary emt>odiment, the split ring collar 
830 is a conventional split ring collar commercially available from Halliburton Energy 

1 5 Services modified in accordance with the teachings of the present disclosure. 

A dog assembly 835 is provided that includes a tubular sleeve 835d that defines 
a passage 835aa for receiving the tubular support member 81 5 and Indudies a slot 
835ab for receiving and mating with the L-shaped retairdng member 830c of the split 
ring collar 830, a counterbore 835ac, and a radial passage 835ad. An end of a load 

20 transfer pin 835b passes through the radial passage 835ad and is coupled to a 

retaining ring 835c that defines a passage 835ca for receiving the flange 815f of the 
tubular support member 815 and Is received within the counterbore 835ac of the 
tubular sleeve. A ring 835d that defines a passage 835da fbr receiving the tubular 
support member 815 and a spring 835e are also received within the counterbore 835ac 

25 of the tubular sleeve 835a between the flange 8i5f and the end of the counterbore. 
The other end of the load transfer pin 835b is coupled to an end of a tubular sleeve 
835f that includes a countertxye 835fa for receiving the tubular sleeve 835a, a radial 
passage 835fb fbr receiving a conventional resilient dog 835g, a counterbore 835fc for 
receiving and mating with the flange 81 5e of the tubular support member 815, a flange 

30 835fd, and a flange 835fe including counterbores, 835ff and 835^, that n^te with and 
receive the ftenge 81 Sc of the tubular support memt>er, and a radial passage 835fh. 

A first conventional packer cup assembly 840 that defines a passage 440a for 
receiving the tubular sleeve 835f includes a first end 840b that mates with the flange 
835fd of the tubular sleeve 835f, a conventional sealing cup 840c. and a second end 

35 840d. A tubular spacer 845 that defines a passage 84Sa for receiving the tubular 
sleeve 835f includes a first end 845b that mates with the second end 840d of the first 
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packer cup assembly 840 and a second end 845c. A second conventional packer cup 
assembly 850 that defines a passage 850a for receiving the tubular sleeve 835f 
includes a first end 850b that mates with the second end 845c of the spacer 845. a 
conventional sealing cup 850c and a second end 850d that mates with the flange 
5 835fe of the tubular sleeve. 

In an exemplary embodiment, during operation of the apparatus 800. as 
illustrated in Figs. 15 and 15a-15j, the apparatus may be initially positioned in the 
wellbore 100, v^thin the casing 1 10. with the dog assembly 835 positioned in a neutral 
position In which the radial passage 81 5d of the tubular support member 815 is fluidicly 

1 0 coupled to the radial passage 835fh of the dog assembly 835 and the expansion cone 
segments 825 are not driven up the tapered hexagonal portion 815gb of the expansion 
cone support body 81 5g of the tubular support member 815 into contact with the stop 
member 320. In this manner, fluidic materials within the interior 81 5a of the tubular 
support member 815 may pass through the radial passages. 81 5d and 835fh, into the 

1 5 annulus between the apparatus 800 and the casing 1 10 thereby preventing over 

pressurization of the annulus. Furthenmore. in this manner, the outside diameter of the 
expanston cone segments 825 is less than or equal to the outside diameter of the stop 
member 820 thereby permitting the apparatus 800 to be displaced within the casing 
110. 

20 As illustrated in Figs. 16, and 16a-16c. the apparatus 800 may then be 

positioned in the tubular member 120. During the insertion of the apparatus into the 
tubular member 120, the upper end 120b of the tubular member may impact the end of 
the resilient dog 835g of the dog assembly 835 thereby driving the resilient dog 835g 
backwards onto the shouMer 815ea of the flange 81 5e of the tubular support member 

25 815. As a result of the backward axial displacement of the resilient dog 835g. the 

tubular sleeve 835f. the pin 835b. the retaining ring 835c, the ring 835d, and the spring 
835e of the dog assembly 835 are driven backward thereby compressing the spring 
835e and applying an axial biasing force to the tubular sleeve 835a that prevents the 
expansbn cone segments 825 from being displaced toward the end stop 820. 

30 The apparatus 800 may then be at least partially positioned in the open hole 

section 1 15a of the wellbore section 115. beyond the lower end 120c of the tubular 
member 120. In an exemplary embodiment that portion of the apparatus 800 that 
includes the stop member 820, the expansion cone segments 825. the split ring collar 
830, and the dog assembly 835 is then positioned in the open hole section 1 15a of the 

35 wellbore sectk>n 115. beyond the lower end 120 of the tubular member for reasons to 
be described. Because the dog 835g of the dog assembly 835 is resilient, once the 
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appaiatus 800 has been positioned in the open hole section 115a of the wellbore 
section 1 15, t)eyond the lower end 120c of the tubular nwmber 120. the resilient dog of 
the dog assembly may spring outwardly In the radial direction. 

The apparatus 800 may then be repositioned at least partially back within the 
tubular member 120. During the reinsertion of the apparatus Into the tubular member 
120. the lower end 120c of the tubular member may Impact the ends of the resilient 
dog 835g of the dog assembly 835 thereby driving the resUient dog fonward until the 
resilient dog Is positioned onto the shoulder 815eb of the flange 815e of the tubular 

support member 815. 

As a result of the fonward axial displacement of the resilient dog 835g. the 
tubular sleeve 835f. the spring 835e, the ring 835d. the ring 835c, the pin 835b. and the 
tubular sleeve 835a are displaced in the forward axial direction thereby also displacing 
the split ring collar 830 and the expansion cone segments 825 in the fonward axial 
direction. As a result, the expansion cone segnwnts 825 are driven up the tapered 
hexagonal portion 815gb of the expansion cone support body 81 5g of the tubular 
support member 815 into contact with the stop member 320. Furthemwre, as a result 
of the forward axial displacement of the tubular sleeve 835f. the radial passages. 815d 
and 835fh. are fluididy decoupled. As a result fluldic materials wMWn the tubular 
support member 815 may not pass into the annulus between the tubular support 
member and the tubular member 120. 

As a result of the fonward axial displacement of the resilient dog 435e. the 
outside diameter of the expansion cone segments 825 is now greater than the Inside 
diameter of expandable tubular member 120 thereby permitting the apparatus 800 to 
be used to radially expand and plastically deform the tubular member, and fluidic 
materials within the Interior 815a of the tubular support member 815 may no longer 
pass through the radial passages. 815d and 455ed. into the annulus between the 
apparatus 800 and the tubular member thereby pemnllBng the interior of the apparatus 
to be pressurized. 

The apparatus 800 may ttien be operated to radially expand and plastically 
deform the tubular member 120 by applying an upward axial force to the tubular 
support member 815 and/or by Injecting a pressurized fluldic material Into the tubular 
support member. 

In particular, as Illustrated In Figs. 17 and 17a-17c. the expandable tubular 
member 120 may then be radially expanded using the apparatus 800 by injecting a 
fluidic material 275 into ttie apparatus through the passages 805a, 810a. 815a. and 
820a. The Injection of the fluldic material 275 mav pressurize the Interior 120a of the 
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expandable tubular member 120. In addition, because the packer cup assemblies. 840 
and 850. seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 815. the Injection 
of the fluWIc material 275 may also pressurize the annular region. 

The continued injectton of the fluWic material 275 may then pressurize the 
Interior 120a of the expandable tubular member 120 thereby plastically deforming and 
radially expanding the expandable tubular member off of the expansion cone segments 
825. Because the outer surfaces; 825bb and 825bc. of the expansion cone segments 
825 are tapered, the plastic defomwrtlon and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 
Furthermofe. in an exemplary embodiment, the continued injection of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 815 that is bounded on the upper end by the packer cup assembly 
840 and on the tower end by the expansion cone segments 825. Furthemiore, in an 
exemplary embodiment, the pressurization of the annular region 120aa also radially 
expands at least a portion of the surrounding portten of the expandable tubular member 
120. In this manner, the plastic deformation and radial expansion of the expandable 
tubular member 120 is enhanced. Furthennore, during operatkMi of the apparatus 300. 
the packer cup assemblies 8*0 and 850 prevent the pressurized fluWic material 275 
from passing above and beyond the packer cup assemblies and thereby define the 
length of the pressurized annular region 120aa. In an exemplary embodiment, the 
pressurizatton of the annular regton 1 20aa decreases the operating pressures required 
lor plastic defbmwtton and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
825bb and 825bc of the expanston cone segnrwnts 825. 

The radial expansion of the expandable tubular member 120 may then continue 
until the upper end 120b of the expandable tubular member is radially expanded and 
plastically defomied atong with the overtapping portion of the wellbore casing 1 10. 
Because the expansion cone segments 825 may be adjustably positioned from an 
outsWe diameter less than the inside diameter of the expandable tubular member 120 
to an outside diameter substantially equal to the InsWe diameter of the pre-existing 
casing 1 10. the resulting wellbore casing, including the casing 110 and the radially 
expanded tubular member 120. created by the operation of the apparatus 800 may 
have a single substantially constant Inside diameter, thereby providing a monodiameter 
wellbore casing. 
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During the radial expansion process, the expansion opne segments 825 may be 
raised out of the expanded portion of the tulHilar member 120 by applying an upward 
axial force to the tubular support member 815. In a preferred embodiment, during the 
radial expansion process, the expansion cone segments 825 are raised at 
approximately the same rate as the tubular member 120 Is expanded in order to keep 
the tutHJiar member stationary relative to the new weilbore section 115. 

In a preferred embodiment, when tiie upper end portion of ttie expandable 
tubular member 120 and the lower portion of ttie weilbore casing 110 ttiat overlap with 
one another are plastically defonned and radially expanded by the expansion cone 
segments 825. the expansion cone segments are displaced out of the weilbore 100 by 
both the operating pressure within ttie interior of Vne tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 405. 

In a prefened embodiment, the operating pressure and flow rate of tiie fluidic 
material 275 is controllably ramped down when tt>e expansion cone segments 8» 
reach the upper end portion of the expandable tubular member 120. In ttiis manner, 
ttie sudden release of pressure caused by the complete radial expansion and plastic 
deformation of ttie expandable tubular member 120 off of ttie expansion cone 
segments 825 can be minimized. In a preferred embodiment, ttie operating pressure Is 
reduced In a substantially linear fashion from 100% to about 10% during ttie end of ttie 
extrusion process beginning when ttie expansion oone se^pnents 825 are wiBiin about 
5 feet from completion of ttie extrusion process. 

Alternatively, or in combination, ttie wail ttiicltness of ttie upper end portion of 
ttie expandable tubular member 120 is tapered In order to gradually reduce ttie 
required operating pressure for plastically defomiing and radially expanding ttie upper 
end portion of the tubular member. In ttils manner, shodc loading of ttie apparatus is at 
least reduced. 

Alternatively, or in combination, a shod^ absortwr is provided In ttie tubular 
support member 805 In order to absort) ttie shock caused by Uie sudden release of 
pressure. The shock absortjer may comprise, for example, any cx>nventional 
commercially available shock absortwr. bumper sub. or jars adapted for use in weilbore 
operations. 

Altematively, or in comblnatton. an expansion cone catching sttucture is 
provided In the upper end portion of ttie expandable tubular member 120 in order to 
catch or at least decelerate ttie expand cone segments 825. 

Altematively. or m combination, during ttie radial expansion process, an upward 
axial force is applied to ttie tubular support member 815 sufficient to plastically defonn 
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and radially expand the tubular member 120 off of the external surfaces. 225bb and 
225bc of the expansion cone segments 825. 

Altematively. or in combination, in order to fadlltate the pressurization of the 
Interior 1 20a of the expandable tubular member by the mjedlon of the fluldic materials 
275. the region within the vwilbore section 115 below the apparatus 800 may be 
flukJidy sealed off In a convention manner using, for example, a packer . 

Once the radial expansion process, is completed, the tubular support member 
805. the tubular support nnember 810. the tubular support member 815. the end stop 
820. the expansion cone segments 825, the split ring collar 830. the dog assembly 835, 
the packer cup assembly 840, the spacer 845, and the packer cup assembly 850 are 
removed from the wellbores 1 00 and 1 1 5. 

If the expansion cone segments 825 become lodged within the expandable 
tubular member 120 during the radial expansion process, then a ball 280 may be 
placed in the throat.815aa of the passage 815a of the tubular support membw 815. 
The continued injection of the fluidic material 275 following the placement of the ball 
280 in the throat 81 5aa of the passage 815a of the tubular support member wBI then 
pressurize the radial passage 815b and an annular portion 835fga of the countertwre 
835fg. As a result of the pressurization of the annular portion 835fga of the 
countertwre 835fg. the tubular sleeve 835f. the pin 835b. the retaining ring 835c. the 
ring 835d, the spring 835e. and the tubular sleeve 835a of the dog assembly 835. and 
the split ring ooMar 830 are driven backward thereby displacing the expanston cone 
segments 825 backwards In the axial direction away from the end stop 820. In this 
manner, the outside diameter of the expanston cone segments 825 is thereby reduced 
and the apparatus 800 nray then be removed from the expandable tubular member 
120. 

ftefening now to Figs. 18a. 18b. 18c and 18d. an embodiment of an adjustable 
expansion cone assembly 900 v«ll be described. The assernbly 900 includes a tubular 
support member 905 that defines a passage 905a arid Includes an expanston cone 
support flange assembly 905b that Is coupled to an end stop 910 that defines a 
passage 91 Oa. The expansion cone support flange assembly 905b includes a first 
tubular end 905ba, a second tubular end 905bb. and an Intenfnediate hexagonal 
conical tubular body 905bc that Includes a plurality of substantially Wentical and equally 
spaced apart expanslor^ cone segment support stots 905bcaa-905bcaf on each of the 
facets of the hexagonal tubular body. 

A plurality of frst expansion cone segments 915a-915c are provkied that 
include T-shaped retaining members 915aa-915ca that mate with and are movably 
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received wilhin the T-shaped slots 905bcaa. 905t)cac and 905l)cae of the hexagonal 
conical tubular t»dy QOSbc of the expansion cone support assembly 905b. T-shaped 
retaining members 915al>-915cb. exterior top surfaces 915ao-915cc exterior top 
surfaces 915ad-915cd. exterior top surfaces 915ae-915ce. exterior top surfaces 915af- 
5 915cf, and exterior top surfaces 915ag-915og. In an exemplary entbodiment, the 
exterior top surfaces 915ao-915cc and the exterior top surfaces 91 5ad-91 5cd are 
arcuate conical surfaces in which the angle of attack of the exterior top surfaces 91 5ac- 
915CC is greater than the angle of attack of the exterior top surfaces 915ad-915cd. 

A plurarity of second expanston cone segments 920a-920c. that are interieaved 
10 with and complementary shaped to the first expanston cone segments 915a-915c. are 
also provkJed that include T-shaped retaining membere 920aa-920ca that mate with 
and are movably received within the T-shaped slots 905bcab. 905bcad. and 905bcaf of 
the hexagonal conical tubular body 905bc of the expansion cone support assembly 
905b. T-shaped retaining members 920ab-920cb. exterior top surfaces 920ap-920cc. 
15 exterior top surfaces 920ad-920cd. exterior top surfaces 920ae-920ce. exterior top 
surfaces 920af-920cf. and exterior top surfaces 920ag-920cg. In an exemplary 
embodiment, the exterior top surfaces 920ao-920cc and the exterior top surfaces 
920ad-920cd are arcuate conteai surfaces in which the angle of attack of the exterior 
top surfaces 920ao.920cc is greater than the angle of attack of the exterior top 
20 surfaces 920ad-920od. 

A split ring collar 925 Is provided that defines a passage 925a for receiving the 
tubular support member 905 that includes an L-shaped retaining member 925b at one 
end and another end of the splH ring collar 925 includes T-shaped stots. 925c. 925d. 
925e. 925f. 925g. and 925h, for mating with and receiving the T-shaped retaining 
25 members, 915ab. 920ab. 915bb. 920bb. 915cb. and 920cb. of the expansion cone 

segments. 915a. 920a. 915b. 920b. 915c and 920c. respedively. A tubular sleeve 930 
is provfcled that defines a passage 930a for receiving the tubular support member 906 
and that also includes a slot 930b for receiving and mating vwth the L-shaped retaining 
member 925b of the split ring collar 925. 
30 During operation of the assembly 900. as fflustrated in Figs. 18a. 1 8b. 18c. and 

18d. in an unexpanded positton. the expansion cone segnwnts, 915a. 915b. 915c. 
91 5d, 920a. 920b. 920c, and 920d are positioned adjacent to the base of the 
hexagonal conical tubular body 905bc of the expansion cone support flange 905b away 
from the end stop 910. In this manner, the outsWe diameter of the expansion cone 
35 segments is less than or equal to the maximum outsWe diameter of the assembly. 
Furthemwe. in the unexpanded positton. the expanston cone segments. 915a. 915b. 
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and 915c. are positioned further away from the end stop 91 0 than the expansion cone 
segments, 920a. 920b. and 920a 

As illustrated In Figs. 19 and 19a. the assembly 900 may then be expanded by 
displacing the tubular sleeve 930 and the split ring collar 925 in the axial direction 
towards the expansion cone segment support members 705bb. As a resutt. the 
expansion cone segments. 915a. 915b. 915c, 920a. 920b. 920c are driven up the 
hexagonal conical tubular body 905bc of the expansion cone support flange 905b until 
the expansion cone segments Impact the end stop 910. In this manner, the outside 
diameter of the expansion segments, 915a, 915b, 915c, 920a, 920b, and 920c. Is 
greater than the maximum diameter of the remaining components of the assembly 900. 
Furthennore, the conical outer surfaces. 915ac, 915bc. 915cc. 920ac. 920bc, and 
920CC. and the conical outer surfaces. 915ad, 915bd, 915cd, 920ad. 920bd. and 920cd 
of the expansion cone segments. 915a. 915b. 915c, 920a. 920b, and 920c, 
respectively, may now be used to radially expand a tubular member. In an exemplary 
embodiment, the outer conical surfaces, 915ac, 915bc. 915cc. 920ac, 920bc. and 
920CC. and the conical outer surfaces. 915ad. 915bd, 915od. 920ad. 920bd, and 920cd 
of the expansion cone segments. 915a, 915b, 915c. 920a, 920b. and 920c. 
respectively. In the expanded position of the assembly 900. provide a substantially 
continuous outer conical surfeces in the circumferential direction. Furthennore. note 
that In the expanded position of the assembly 900, the first set of expansion cone 
segments, 915a, 915b. and 915c are brought into alignment vwth the second set of 
expansion cone segments. 920a, 920b, and 920c. 

The assembly 900 may then be returned to the unexpended position by 
displacing the tubular sleeve 930 and the split ring collar 925 In the axial direction away 
from the end stop 91 0. As a result, the expansion cone segments, 915a,915b,915c. 
9208. 920b. and 920c are displaced away from the end top 910. down the conical 
hexagonal tubular member 905bc and thereby are returned to a position in vyfhich the 
outside diameter of the expansion cone segments is less than or equal to the maximum 
diameter of the remaining components of the assembly 900. 

In several alternative embodiments, the assembly 900 is Incorporated into the 
assemblies 200, 300, 400. and 800. 

Referring to Fig. 2Da, an embodiment of an expansion cone segment assembly 
1000 Includes intertocking expansion cone segments. 1000a, 1000b, 1000c, lOOOd, 
lOOOe, and lOOOf. 
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Referring to Rg. 20b. an embodiment of an expansion cone segment assembly 
1100 includes intertocking expansion cone s^ments. 1100a. 1100b. 1100c llOOd, 
1100e.and1100r. 

Referring to Fig. 20c an embodiment of an expansion cone segment assembly 
5 1200 Includes Intertocking expanskwi cone segments. 1200a. 1200b. 1200c 1200d. 
1200e. and 1200f. 

Referring to Fig. 20d. an embodiment of an expansion cone segment assembly 
1300 includes Intertocking expansion cone segments. 1300a, 1300b. 1300c. 1300d. 
1300e. and 1300f. 

10 Referring to Fig. 20e. an embodinnent of an expansion cone segment assembly 

1400 Includes intertocking expanston oone segments. 1400a. 1400b. 1400c. 1400d. 
1400e. and1400f. 

Referring to Fig. 2Df, an embodiment of an expansion cone segment assembly 
1500 includes Intertocking expansion cone segments. 1500a. 1500b, 1500c 1500d. 
15 1500e.and 1500f. 

Referring to Rg. 20g. an embodiment of an expansion cone segnrwnt assembly 
1600 includes Interiocking expanston cone segments. 1600a, 1600b, 1600c 160pd, 
1600e. and 1600f. 

Referring to Fig. 20h. an embodinr»nt of an expanston cone segment assembly 
20 1700 includes Intertocking expansion cone segn»nts. 1700a, 1700b. 1700c 1700d. 
1700e. and 1700f. 

Referring to Rg. 201, an embodiment of an expanston cone segment assembly 
1800 Inchides Intertocking expanston oone segments. 1800a, 1800b, 1800c 1800d, 
1800e.and1800f. 

25 Referrtng to Fig. 2(^. an embodimient df an wcpanskm oone segment assembly 

1900 includes interiocking expanskxi oone segments, 1000a. 1900b, 1900c. 1900d. 
igOOe. and ig00f. 

Referring to Rg. 20k, an embodlnrent of an expansfon cone segment assembly 
2000 Includes intertocking expansion cone segments. 2000a, 2000b. 2000c 2000d. 
30 2000e, and 2000f. 

Refemng to Fig. 201, an embodiment of an expansion cone segment assembly 
2100 includes Interiocking expanston cone segments, 2100a. 2100b. 2100c. 2100d. 
2100e, and 2100f. 

Referring to Fig. 20m. an embodiment of an expansion cone segment assembly 
35 2200 Includes Interiocking expansion cone segments. 2200a. 2200b. 2200c 2200d. 
2200e. and 2200f. 
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The expansion cone segmenl assemblies 1000. 1100. 1200. 1300. 1400. 1500. 
1600. 1700. 1800. 1900. 2000,2100. and 2200 provide enhanced operational 
properties such as. for example, efficient radial expansion of expandable tubular 
members and durability during operation. 

In several alternative embodiments, the design and operational features of the 
apparatus 200. 300. 400. 500. 600. 700. 800. 900. 1000. 1 100. 1200. 1300. 1400. 
1500. 1600. 1700. 1800. 1900. 2000. 2100. and 2200 may be combined, in whole or in 
part and/or the design and operational elements of the apparatus 200. 300. 400. 500. 
600.700.800.900.1000.1100.1200.1300.1400.1500.1600.1700.1800.1900. 

2000, 2100. and 2200 may be interspersed among each other. 

In several alternative embodiments, the apparatus 200. 300. 400. 500. 600. 
700. 800. 900. and 1000. 1100. 1200. 1300. 1400. 1500. 1600. 1700. 1800. 1900. 
2000. 2100. and 2200 may be used to fomn or repair wellbore casings, pipelines, or 
stnictural supports. 

15 In several alternative embodiments, the apparatus 200. 300. 400, 500, 600. 

700. 800. 900. 1000. 1100. 1200. 1300. 1400. 1500. 1600. 1700. 1800. 1900;2000. 
2100. and 2200 include two or more expansion cone segments that may be movaWy 
support and guided on a tapered expansion cone support body that may. for example, 
be conical, or may be a multi-sided body. 

20 In several alternative embodiments, the design and operation of the apparatus 

200. 300. 400. 500. 600. 700. 800. 900. 1000. 1100. 1200. 1300. 1400. 1500. 1600. 
1700. 1800. 1900. 2000, 2100. and 2200 are provided substantially as disclosed in one 
or more of the following: (1) U.S. patent application serial no. 09/454,139. attomey 
docket no, 25791.03.02, filed on 12/3/1999. (2) U.S. patent appTication serial no. 

25 09(510.913. aUomey docket no. 25791.7:02. filed on 2/23/2000. (3) U.S. patent 

applicatton serial no. 09/502.350, attomey docket no. 25791.8.02. filed on 2/1OCO00. 
(4) U.S. patent application serial no. 09/440.338. attomey docket no. 25791.9.02, filed 
on 1 1/15/1999. (5) U.S. patent applicatfon serial no. 09/523.460, attomey docket no. 
25791.11.02. filed on 3/10/2000. (6) U.S. patent application serial no. 09/512.895. 

30 attomey docket no. 25791.12.02. filed on 2/24/2000. (7) U.S. patent application serial 
no. 09/511.941. attomey docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent 
application serial no. 09/588.946. attomey docket no. 25791.17.02. filed on 6/7/2000. 
(9) U.S. patent application serial no. 09/559.122. attomey docket no. 25791.23.02, filed 
on 4/26/2000. (10) PCT patent application serial no. PCT/USOO/18635. attorney docket 
35 no. 25791 .25.02. filed on 7/9«0O0. (1 1 ) U.S. provblonal patent applIcatkMi serial na 
60/162.671. attorney docket no. 25791.27. filed on 11/1/1999. (12) U.S. provisional 
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patent application serial no. 60/1 54.047. attorney docket no. 25791 .29, filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney 
docket no. 25791.34. filed on 10/12/1999, (14) U.S. provisional patent application serial 
no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 

5 provisional patent application serial no. 60/1 59,033, attorney docket no. 25791 .37, filed 
on 10/12/1999, (16) U.S. provistonal patent application serial no. 60/212,359, attorney 
docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial 
no. 60/165,228, attorney docket no. 25791.39, filed on 11/12/1999, (18) U.S. 
provisional patent application serial no. 60/221,443, attonney docket no. 25791 .45, filed 

10 on 7/28/2000. (19) U.S. provisional patent appllcatton serial no. 60/221 .645. attorney 
docket no. 25791.46. filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233.638. attorney docket no. 25791.47, filed on 9/18/2000. (21) U.S. provisional 
patent application serial no. 60/237,334. attorney docket no, 25791 .48. filed on 
10/2/2000. (22) U.S. provisional patent application serial no. 60/270.007. attorney 

15 docket no. 25791 .50. filed on 2/20/2001 ; and (23) U.S. provisional patent application 
serial no. 60/262.434, attorney docket no. 25791.51, filed on 1/17/2001; and (24) U.S. 
provisional patent application serial no. 60/259.486, attonney docket no. 25791.52, filed 
on 1/3/2001 . tiie disclosures of which aro Incorporated herein by reference. 

An apparatus for radially expanding a tubular member has been described that 

20 includes a tubular support member that includes a first tubular support body defining a 
longitudinal passage, a first lug coupled to and extending from the first tubular support 
body in the radial directton, a second lug coupled to and extending from the first tubular 
support body in the radial direction, and an expanston cone support body coupled to 
the first tubular support body. The expansion cone support body includes an N-sided 

25 tapered tubular support member, wherein each side of the multl-skied tapered tubular 
support member defines a T-shaped slot. N expanston cone segments are movably 
coupled to the expansion cone support body, each including an expansion cone 
segment body including arcuate conical outer surfaces, a first T-shaped retaining 
member coupled to the expansion cone segment body for movably coupling the 

30 expansion cone segment body to a corresponding one of the T-shaped stots of the 
expansion cone support txxJy, and a second T-shaped reteinlng memt)er coupled to 
the expansion cone segment body. A split ring collar assembly Is movably coupled to 
the exterior of the tobular support member that includes a second tubular support body 
defining N T-shaped state for movably receiving conesponding ones of the second T- 

35 shaped retaining membere of the expansion cone s^mente, and an L-shaped 
retaining member coupled to the second tubular support body. A firet drag block 
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assembly is movably coupled to the tubular support member that includes a first drag 
block body defining a slot for receiving and mating with the L-shaped retaining member 
of the split ring collar, and a first J-shaped slot for receiving the first lug, and one or 
more first drag blocks coupled to the first drag block body. A second drag block 
5 assembly is movably coupled to the tubular support memt)er that includes a second 
drag btock body defining a second J-shaped slot.for recehdng the second lug, and one 
or nnore second drag btocks coupled to the second drag block body. First and second 
packer cups are coupled to the tubular support memtier t>etween the first and second 
drag btock assemblies. 

iO An apparatus for radially expanding a tubular mennber has also been described 

that includes a tubular support member that includes a first tubular support body 
defining a tongitudinal passage, a first flange coupled to the first tubular support body, 
a second flange coupled to the first tubular support body, a first tapered flange coupled 
to the first tubular support body, a second tapered flange coupled to the first tubular 

1 5 support body, and an expansion cone support body coupled to the first tubular support 
body. The expansion core support body includes an N-sided tapered tubular support 
member, wherein each sUe of the multi-sided tapered tubular support member defines 
a T-shaped stot. N expansbn cone segments are movably coupled to the expansion 
cone support body, each including an expanston cone segment body including arcuate 

20 conkral outer surfaces, a first T-shaped retaining member coupled to the expanston 
cone segment body for movably coupling the expansion cone segment body to a 
corresponding one of the T-shaped stots of the expansion cone support body, and a 
second T-shaped retaining member coupled to the expansion cone segment body. A 
spilt ring collar is movably coupled to the extertor of the tubular support nrtember that 

25 includes a second tubular support body that defines N T-shaped slots for movably 
receiving corresponding ones of the second T-shaped retaining menibers of the 
expansion cone segments, and an L-shaped retaining member coupled to the second 
tubular support body. A first collet assembly is movably coupled to the tubular support 
member that includes a first tubular sleeve that defines a slot for receiving and mating 

30 with the L-shaped retaining member of the split ring collar, a first oountert>ore for 
receiving the first flange, and a first radial passage, a first spring received within the 
first counterbore, a first retaining ring received within the first counterbore, a first load 
transfer pin coupled to the first retaining ring and extending through the first radial 
passage, a second tubular sleeve coupled to the first load transfer pin, a first resilient 

35 collet coupled to the second tubular sleeve and positioned above the first tapered 
flange, and a third tubular sleeve coupled to the first resilient oolleL A second collet 
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assembly is movably coupled to the tubular support member that Includes a fourth 
tubular sleeve that defines a second countert)ore for receiving the second flange, and a 
second radial passage, a second spring received within the second counterbore, a 
second retaining ring received within the second counterbore. a second load transfer 
5 pin coupled to the second retaining ring and extending through the second radial 
passage, a fifth tubular sleeve coupled to the second load transfer pin, a second 
resilient collet coupled to the fifth tubular sleeve and positioned above the second 
tapered flange, and a sixth tubular sleeve coupled to the second resilient collet First 
and second packer cups coupled to the tubular support member between the first and 
1 p second collet assemblies. 

An apparatus for radially expanding a tubular member has also been described 
that includes a tubular support member that includes a first tubular support body 
defining a longitudinal passage, a first radial passage defined in the first tubular support 
body fluidicty coupled to the longitudinal passage, a first flange coupled to the first 
1 5 tubular support body, a second flange coupled to the first tubular support body, a first 
tapered flange coupled to the first tubular support bojdy. a second tapered flange 
coupled to the first tubular support body, and an exjTansion cone support body coupled 
to the first tubular support body. The expansion oone support body includes an N* 
sided tapered tubular support member, wherein each side of the nujltl-sided tapered 
20 tubular support member defines a T-shaped slot N expansion cone segments are 
movably coupled to the expansion cone support body, each including an expansion 
oone segment body including arcuate conical outer surfaces, a first T-shaped retaining 
mernber coupled to the expansion cone segment body for movably coupling the 
expansion cone segment body to a corresponding one of the T-shaped slots of the 
25 expansion cone support body, and a second T-shaped retaining member coupled to 
the expansion cone segment body. A split ring collar is movably coupled to the exterior 
of the tubular support member that includes a second tubular support body that defines 
N T-shaped slots for movably receiving corresponding ones of the second T-shaped 
retaining members of the expansion cone segments, and an t-shaped retaining 
30 member coupled to the second tubular support body. A first dog assembly is movably 
coupled to the hJbular support member that includes a first tubular sleeve that defines a 
slot for receiving and mating with the t-shaped retaining member of the split ring collar, 
a first counterbore for receiving the first flange, and a second radial passage, a flrst 
spring received within the flrst counterbore, a flrst retaining ring received within the flrst 
35 counterbore, a first load transfer pin coupled to the first retaining rir^ and extending 
through the second radial passage, and a second tubular sleeve coupled to the flrst 
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load transfer pin that defines a second counterbore for receiving the first tubuiar sleeve, 
a first resiiient dog coupled to the second tubular sleeve and positioned adjacent to the 
first tapered flange. A second dog assembly is movably coupled to the tubular support 
member that includes a third tubular sleeve that defines a second countert>ore for 
5 receiving the second flange, a third radial passage, and a fourth radial passage fluididy 
coupled to the first radial passage, a second spring received within the second 
counterbore, a second retaining ring received within the second countert>ore, a second 
load transfer pin coupled to the second retaining ring and extending through the third 
radial passage, a fourth tubular sleeve coupled to the second load transfer pin» and a 

10 secortd resilient dog coupled to the fourth tubular sleeve aruJ positioned adjacent to the 
second tapered flange. First and second packer cups are coupled to the tubular 
support member between the first and second dog assemblies. 

An apparatus for radially expanding a tubular member has also been described 
that includes a tubular support member that includes a first tubular support body 

15 defining a longitudinal passage hfiduding a throat passage, a first radial passage 
defined in the first tubular support body fluididy coupled to the longitudinai passage, a 
foBt flange coupled to the first tubular support body* a second fiange coupled to the first 
tubular support body that defines a second redial passage defined in the second flange 
fluididy coupled to the longitudinal passage, a tapered flange coupled to the first 

20 tubular support body, and an expansion cone support body coupled to the first tubular 
support body. The expansion cone support body includes an N-sided tapered tubular 
support member, wherein each side of the multi-sided tapered tubular support member 
defines a T-shaped slot N expansion cone segments are movably coupled to the 
expansion cone support body, each including an expansion cone segment body 

25 induding arcuate conical outer surfaces, a first T-shaped retaining member coupled to 
the expansion cone segment body for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped stots of the expansion cone support 
body, and a second T-shaped retaining member coupled to the expansion cone 
segment body. A split ring collar is nrx^vably coupled to the exterior of the tubular 

30 support member that indudes a second tubular support body that defines N T-shaped 
slots for movably receiving corresponding ones of the second T-shaped retaining 
members of the expansion cone segments, and an L-shaped retaining member 
coupled to the second tubular support body. A dog assembly is movably coupled to 
the tubular support memt>er that indudes a first tubular sleeve that defines a slot for 

35 receiving and mating with the L*shaped retaining member of the spot ring collar, a first 
oountertxro for receiving the flrst flange, and a third radial passage, a spring received 
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within the first countertx>re, a retaining ring received within the first countert)ore, a load 
transfer pin coupled to the retaining ring and extending through the third radial 
passage, a second tubular sleeve coupled to the first load transfer pin that defines a 
first oountert)ore for receiving the first tubular sleeve, a second oounterbore for 

5 receiving and mating with the tapered flangp, and includes a third flange that defines a 
third oounterbore for receiving the second flange, a fourth counterbore for receiving the 
second flange, and a fourth radial passage, and a resilient dog coupled to the second 
tubular sleeve and positioned adjacent to the tapered flange. First and second pad^er 
cups are coupled to the tubular support member between the resliient dog and the third 

10 flange. 

An adjustable expansion cone assembly has also been described that includes 
a tubular support member that includes a tubular support body and an expansion cone 
support body coupled to the tubular support body. The expansion cone support body 
includes an N-sided tapered tubular support member, wherein each side of the multi- 

15 sided tapered tubular support member defines a T-shaped slot N expansion cone 
segments are movably coupled to the expansion cone support body, each including an 
expansion cone segment body including arcuate conical outer surfeces, a first T- 
shaped retaining member coupled to the expansion cone segment body for movably 
coupling the expansion cone segment body to a corresponding one of the T-shaped 

20 slots of the expansion cone support body, and a second T-shaped retaining member 
coupled to the expansion cone segment body. A split ring collar is movably coupled to 
the exterior of the tubular support member that includes a second tubular support body 
that defines N T*shaped slots for movably receiving corresponding ones of the seoond 
T-shaped retaining members of the expansion cone segments, and an L-shaped 

25 retaining member coupled to the second tubular support body. A tubular actuating 
sleeve is movably coupled to the tubular support member that includes a third tubular 
support body that defines a slot for receiving and mating with the L-shaped retainirig 
member of the split ring collar. 

An adjustable expansion cone assembly has also been described that includes 

30 a tubular support memt>er that indudes a first tubular support body, and an expansion 
cone support body coupled to the tubular support body. The expansion cone support 
body indudes a tapered tubular support member defining N stepped slots. An 
expansion cone assembly Is movably coupled to the tubular support memt>er that 
indudes a seoond tubular support body movably coupled to the first tubular support 

35 body defining an L-shaped slot, and N expansion cone segments extending firom the 
second tubular support member. Each expanston cone segment iridudes a resilient 
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collet coupled to the second tubular support member, an expansion cone segment 
body coupled to the resilient collet including arcuate conical outer surfaces, and a 
retaining member coupled to the expanston cone segment body for movably obupling 
the expansion cone segment body to a conresponding one of the stepped slots of the 

5 expanston cone support body. A split ring collar is movably coupled to the exterior of 
the tubular support member that includes a third tubular support txxly, a first L-shaped 
retaining member coupled to the third tubular support body for mating with the L- 
shaped slot of the second tubular support body of the expansion cone assembly, and a 
second L-shaped retaining member coupled to the third tubular body. A tubular 

10 actuating sleeve is movably coupled to the tubular support member that includes a third 
tubular support body that defines a slot for receiving and mating with the second L- 
shaped retaining member of the split ring collar. 

An adjustable expansion cone assembly has also been described that includes 
a tubular support member that includes a first tubular support body, and an expanston 

15 cone support body coupled to the tubular support body. The expanston cone support 
body includes a tapered tubular support member defining N stots. An expanston cone 
assembly is movably coupled to the tubidar siqpport member that includes a second 
tubular support body movably coupled to the first tubular support body defining an 
shaped stot, and N expansion cone segments extending from the second tubular 

20 support member. Each expanston cone segment includes a resilient collet coupted to 
the second tubular support member, ah expansion cone segment body coupled to the 
resilient collet including arcuate conical outer suriiaces, and a retaining member 
coupled to the expanston cone segment body for movably coupling the expansion cone 
segment body to a corresponding one of the stots of the expansion cone support body. 

25 A split ring collar is movably coupled to the exterior of the tubular support member that 
includes a third tubular support body, a first L-shaped retaining member coupled to the 
third tubular support body for mating with the L-shaped slot of the second tubular 
support body, and a second L-shaped retaining member coupted to the third tubular 
support body. A tubular actuating sleeve is movably coupled to the tubular support 

30 member that includes a third tubular support body that defines a slot for receiving and 
mating with the second L-shaped retaining member of the split ring collar. 

An adjustable expansion cone assembly has also been described that includes 
a tubular support member that includes a first tubular support body, and an expansion 
cone support body coupled to the tubular support body. The expansion cone support 

35 body includes a tapered tubular support member defining N stots. An expansion cone 
assembly Is rrK>vably coupled to the tubular support member that Includes a second 
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tubular support body movably coupled to the first tubular support body defining an L- 
shaped slot, N/2 first expansion corte segments extending from the second tubular 
support member, and N/2 second expansion cone segments extending from the 
second tubular member. Each first mansion cone segment includes a first resilient 

5 collet coupled to the second tubular support merhber, a first expansion cone segment 
body coupled to the resilieht collet including arcuate conical outer surfaces, and a first 
retaining member coupled to the expansion cone segment body for movably coupling 
the expansion cone segment body to a corresponding one of the slots of the expansion 
cone support body. Each second expansion cone segment includes a second resilient 

1 0 collet coupled to the second tubular support member, a second expansion cone 
segment body coupled to the resilient collet including arcuate conical outer surfaces, 
and a second retaining meml>er coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a coresponding one of the 
slots of the expansion cone support body. The second expansion cone segments 

1 5 overlap and are interleaved with the first expansion cone segments. A split ring collar 
is movably coupled to the exterior of the tubular support member that includes a tNrd 
tubular support body, a first L-shaped retaining member coupled to the third tubular 
support body for mating with L-shaped slot of the second tubular support body, and a 
second L-shaped retaining member coupled to the third tubular support body. A 

20 tubultf achjating sleeve is movably coupled to the tubular support member that 

includes a third tubular support body that defines a slot for receiving and matir^ with 
the second L-^haped retaining member of the split ring collar 

An adjustable expansion cone assembly has also been described that includes 
a tubular support member that indudes a first tubular support body, and an expansion 

25 cone support body coupled to tlie first tubular support body. The expansion cone 
support body includes an N-sided tapered tubular support member, wherein each side 
of the multi-sided tapered tubular support member defines a T-shaped slot. N/2 first 
expansion cone segments are movably coupled to the expansion cone support body, 
each including a first expansion cone segment body including arcuate conical outer 

30 surfaces, a first T-shaped retaining member coupled to the first expansion cone 
segment body for movably coupling the first expansion cone segment body to a 
corresponding one of the T-shaped slots of the expansion cone support body, and a 
second T-shaped retaining member coupled to the first expansion cone segment body. 
N/2 second expansion cone segments are also movably coupled to the expansion cone 

35 support body, each Including a second expansion cone segment body including 
arcuate conical outer surfeces, a third T-shaped retaining member coupled to the 
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second expansion cone segment body for movably ooupling the second expansion 
cone segment body to a corresponding one of the T-shaped slots of the expansion 
erne support body, and a fourth T-shaped retaining member coupled to the expansion 
cone segnrant body. The first and second expansion cone segments are interleaved. 

5 The first expansion cone segment bodies are complementary shaped with respect to 
the second expansion cone s^ment bodies. A split ring collar assembly is movably 
coupled to the exterior of the tubular support member that includes a second tubular 
support body that defines N T-shaped slots for movably receiving con^sponding ones 
of the second and fourth T-shaped retaining mernbers of the interieaved first and 

10 second expansion cone segments, and an L-shaped retaining member coupled to the 
second tubular support body. A tubular actuating sleeve movably coupled to the 
tubular support member that includes a third tubular support body that defines a slot for 
receiving and mating with the L-shaped retaining member of the split ring collar. 

An apparatus for radially expanding a tubular member has also been described 

1 5 that includes a tubular suppori member that includes a first tubular support body 
defining a longitudinal passage, a first lug coupled to and extending from the first 
tubular support body In the radial direction, and a second lug coupled to and extending 
from the first tubular support body in the radial direction. An adjustable expansion cone 
assembly is movably coupled to the tubular support member. A first drag block 

20 assembly is movably coupled to the tubular support member that includes a first drag 
block body coupled to the adjustable expanskm cone assembly that defines: a first J- 
shaped slot for receiving the first lug, and one or more first drag blocks coupled to the 
first drag block body. A second drag block assembly is movably coupled to the tubular 
support member that includes a second drag btock body that defines: a second J- 

25 shaped slot for receiving the second hjg, and one or more second drag blocks coupled 
to the second drag bk>ck body. First and second packer cups are coupled to the 
tubular support member between the first and second drag block assemblies. 

An apparatus for radially expanding a tubular member has also been descrit^ed 
that includes a tubular support member that includes a first tubular support body 

30 defining a longitudinal passage, a first flange courted to the first tubular support body, 
a second flange coupled to the first tubiriar support body, a first tapered flange coupled 
to the first tubular support body, and a second tapered flange coupled to the first 
tubular support body. An adjustable expanston cone assembly is movably coupled to 
the tubular support member. A first collet assembly is nnovably coupled to the tubular 

35 support member that includes a first tubular sleeve coupled to the adjustable expansion 
cone assembly and defines a first counterbore for receiving the first flange, and a first 
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radial passage, a first spring received within the first oountert)ore, a first retaining ring 
received within the first counterbore. a first load transfer pin coupled to the first 
retaining ring and extending through the first radial passage, a second tubular sleeve 
coupled to the first load transfer pin, a first resilient collet coupled to the second tubular 

5 sleeve and positioned above the first tapered flange, arid a third tubular sleeve coupled 
to the first resilient collet A second collet assembly is movably ooupled to the tubular 
support member that includes a fourth tubular sleeve that defines: a second 
counterbore for receiving the second flange, and a second radial passage, a second 
spring received within the second counterbore, a second retaining ring received within 

10 the second counteritore. a second load transfer pin coupled to the second retaining 
ring and extending through the second radial passage, a fifth tubular sleeve coupled to 
the second load transfer pin. a second resilient collet coupled to the fifth tubular sleeve 
and positioned above the second tapered flange, and a sixth tubular sleeve coupled to 
the second resilient collet. First and second packer cups are coupled to the. tubular 

15 support member between the first and second collet assemblies. 

An apparatus for radially expanding a tubular member has also been described 
\hal includes a tubular support member that includes a first tubular support body 
defining a longitudinal passage, a first radial passage defined in the first tubular support 
body fiuididy coupled to the longitudinal passage, a first flange coupled to the flrst 

20 tubular support body, a second flange coupled to the first tubular support body, a first 
tapered flange coupled to the first tubular support t)ody. and a second tapered flange 
coupled to the first tubular support body. An adjustable expansion cone assembly is 
movably coupled to the tubular support member. A first dog assembly Is movably 
coupled to the tubular support member that indudas a first tubular sleeve coupled to 

25 the adjustable expansion cone assembly that defines: a first counterbore for receiving 
the first flange, and a second radial passage, a first spring received wiOiin the first 
counterbore, a first retaining ring received within the first counterbore, a first load 
transfer pin coupled to the first retaining ring and extending through the second radial 
passage, a second tubular sleeve coupled to the first load transfer pin that defines: a 

30 second countertxxe for receiving the first tubular sleeve, a first resilient dog coupled to 
the second tubular sleeve and positioned adjacent to the first tapered flange. A second 
dog assembly is movably coupled to the tubular support member that includes a third 
tubular sleeve that defines a second oountert)ore for receiving the second flange, a 
third radial passage, and a fourth radial passage fluidicly coupled to the first radial 

35 passage, a second spring received within the second oountertxxe, a second retaining 
ring received witNn the second counterbore, a second load transfer pin coupled to the 
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second retaining ring and extending through the thiid radial passage, a fourth tubular 
sleeve coupled to the second load transfer pin. a second resilient dog coupled to the 
fourth tubular sleeve and positioned adjacent to the second tapered flange. First and 
second patiker cups are coupled to the tubular support member between the first and 
5 second dog assemblies. 

An apparatus for radially expanding a tubular member has also been described 
that includes a tubular support member that includes a first tubular support body 
defining a longitudinal passage including a throat passage, a first radial passage 
defined in the first tubular support body fluldlcly coupled to the longitudinal passage, a 
10 first flange coupled to the first tubular support body, and a second flange, coupled to the 
first tubular support body that defines: a second radial passage defined in the second 
flange fluldlcly coupled to the longitudinal passage. An adjustable expansion cone 
assembly is movably coupled to the tubular support member. A dog assembly is 
movably coupled to the tubular support member that includes a first tubular sleeve 
15 coupled to the adjustable expansion cone assembly that defines a first counterbore for 
receiving the first flange, and a third radial passage, a spring received within the first 
countertxHB. a retaining ring received within the firet counterbore, a load transfer phi 
coupled to the retaining ring and extending through the third radial passage, a second 
tubular sleeve coupled to the first load transfer pin that defines: a first counterbore for 
20 receiving the first tubular sleeve, a second counterbpre for receiving and mating with 
the tapered flange, and includes a third flange that defines a third counterit)ore for 
receiving the second flange, a fourth oounteriwre for receiving the second flange, and 
a fourth radial passage, and a resilient dog coupled to the second tubular sleeve and 
positioned adjacent to the tapered flange. Rrst and second padcer cups are coupled to 
25 the tubular support member between ttie resilient dog and the third flange. 

An apparatus for radially expanding a tubular member has also been described 
that Includes a tubular support member, an adjustable expansion cone assembly 
movably coupled to the tubular support member, and means for adjusting the 
adjustable expansion cone assembly. 
30 An adjustable expansion cone assembly has also been described that includes 

a tubular support rrvember. An adjustable expansion cone is movably coupled to the 
tubular support member that includes a plurality of expansion cone segments, and 
means for guiding the expansion cone segments on the tubular support member. The 
assembly further includes means for adjusting the adjustable expansion cone. 
35 A method of operating an adjustable expansion cone assembly including a 

plurality of expansion cone segments has also been described that includes guiding the 
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expansion oone segments on a tapered txxJy. and oontrollably displacing the 
expansion cons segments along the tapered body. 

A method of operating an adjustable expansion oone assembly including a 
plurality of expansion cone segments has also been described that includes guiding the 
5 expansion cone segments on a muW-slded tapered body, interlocking the expansion 
cone segments, and controllably displacing the expansion oone segments along the 
tapered body. 

A method of operating an adjustable expansion cone assembly including a 
plurality of expansion cone segments has also been described that includes resiliently 

10 guiding the expansion cone segments on a multi-sided tapered body, guiding each of 
the expansion cone segments on opposite sides in the circumferential direction, 
interiocking the expansion cone segments, and controllably displacing the expanston 
cone segments along the tapered body. 

A method of operating an adjustable expansion oone assembly including a 

1 5 plurality of expansion cone segments has also been described that includes dividing 
the expansion oone segments into first and second groups of expanston oone 
segments, interteaving the first and second groups of expansion oone segments, 
overiapping the first and second groups of expansion cone segments, resiliently 
guiding the expanston cone segments on a multi-sMed tapered body, gukling each of 

20 the expanston oone segments on opposite sMes in the circumferenfial directton, and 
controllably displacing the mpansion cone segments along the tapered body. 

A method of operating an adjustable expanston cone assembly Including a 
plurality of expansion cone segments has also been described that Includes divMing 
the expanston oone segments into first and second groups of expansion oone 

25 segments, interieaving the first and second gmups of expanston oone segments. 

giAding the expanston cone segments on a multi-sided tapered body, and controllably 
displacing the expansion cone segnvents atong the tapered body while also relatively 
displacing the first and second groups of expanston cone segments in opposite 
directions. 

30 A method of plastically deforming and radially expanding an expandable tubular 

memt>er using an apparatus including a tutxjlar support member, an adjustable 
e)q>ansion cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 
expansion oone assembly, has also been described that includes coupling a first end of 

35 the expandable tubular member to a titular structure, locking the actuator to the 
tubular support member of the apparatus, inserting the apparatus Into the first end of 
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the expandable tubular member, moving the actuator and the adjustable expansion 
cone assembly of the apparatus out of the second end of the expandable tubular 
member, reinserting the actuator of the apparatus Into the second end of the 
expandable tubular member, unlocking the aduator from the tubular support member 
of the apparatus, rotating the actuator relative to the tubular support member of the 
apparatus, and Increasing the outade diameter of the adjustable expansion cone 
assembly by movbig the tubular support member relative to the actuator, the adjustable 
expansion cone assembly and the expandable tubular member, and plastically 
defbmting and radially expanding the expandable tubular member by moving the 
adjustable expansion cone assembly through the expandable tubular member. 

A method of plastically defomiing and radially expanding an expandable tubular 
member using an apparatus including a tubular support member, an adjustable 
expansion cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 
expansion cone assembly, has also been described that Includes coupling a first end of 
the expandable tubular nnember to a tubular structure, inserting the apparatus Into the 
first end of the expandable tubular member in a first direction, displacing the actuator of 
the apparatus in a second direction opposite to the first direction, applying a resHient 
biasing force to the adjustable expansion cone assembly in the second direction, 
moving the actuator and the adjustable expansion cone assembly of the apparatus out 
of the second end of the expandable tubular member, reinserting the actuator of the 
apparatus into the second end of the expandable tubular member in the second 
direction, increasing the outside diameter of the adjustable expansion cone assembly 
by displacing the actuator and the adjustable expansion cone assembly relative to the 
expandable tubular member In the first direction, and plastically deforming and radially 
expanding the expandable tubular member by moving the adjustable expansion cone 
assembly through the expandable tubular member in the second direction. 

An adjustable expansion cone assembly has also been described that includes 
a plurality of expansion cone segments, means for guiding the expansion cone 
segments on a tapered body, and means tor contiollably displacing the expansion cone 
segments along the tapered body. 

An adjustable expansion cone assembly has also been described that Includes 
a plurality of expansion cone segments, means for guiding the expansion cone 
segments on a multiped tapered body, means for Interlocking the expansion cone 
segments, and means for controllabiy displacing the expanston cone segments atong 
the tapered body. 
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An adjustable expansion cone assembly has also been described that Includes 
a plurality of expanston cone segments, means for resiOentiy guiding the expansion 
cone segments on a multi-sided tapered body, means for guiding each of the 
expansion cone segments on opposite sides in the circumferential direction, means for 

5 Interioddng the expansion oorie segments, and means for oontrollabiy displacing the 
expansion cone segments along the tapered body. 

An adjustable expansion cone assembly has also been described that includes 
a plurality of expansion cone segments, means for dividing the expansion cone 
segments into first and second groups of expansion cone segments, means for 

10 interleaving the first and second groups of expansion cone segments, means for 
overlapping the first and second groups of expansion cone segments, means for 
resiliently guiding the expansion cone segments on a multi-sided tapered body, means 
for guiding each of the expansion cone segments on opposite sides in the 
circumferential direction, and means for controllably displacing the expansion cone 

1 5 segments along the tapered body. 

An adjustable expansion cone assembly has also been descrit>ed that includes 
a plurality of expansion cone segments, means for dividing the expansion cone 
segments Into first and second groups of expansion cone segments, means for 
interieaving the first and second groups of expanston cone segments, means for 

20 gidding the expanston cone segments on a multi-sided tapered body, and means for 
controllably displacing the expansion cone segments atong the tapered body while also 
relatively dispiadng the first and second groups of expansion cone segments in 
opposite directions. 

An an>aratus for plastically defomrring and radially expanding an expandable 
25 tubular member has also been described that includes a tubular support member, an 
adjustable expansion cone assembly movably coupled to the tubular support member, 
means for actuating the adjustable expanston cone assembly, means for loclcing the 
actuator to the tubular support member of the apparatus, means for unloddng the 
actuator from the tubular support nnember of the apparatus, and means foir increasing 
30 the outside diameter of the adjustable expansion cone assembly by moving the tubular 
support m^fnber relative to the actuator, the adjustable expansion cone assembly, and 
the expandable tubular member. 

An apparatus for plastically deforming and radially expanding an expandable 
tubular member has also been described that includes a tutnilar support member, an 
35 adjustable expansion cone assembly movably coupled to the tubular support member, 
means for actuating the adjustable expansion cone assembly, means for displacing the 
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actuator cS the apparatus in a first direction, means for applying a resilient biasing force 
to the adjustable expansion cone assembly when the actuator is displaced in the first 
direction, and means for increasing the outside diameter of the adjustable expansion 
cone assembly by displacing the actuator and the adjustable expansion cone assembly 
5 relative to the expandable tubular member in a second direction opposite to the first 
direction. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disctosure. In some instances, some features of the present invention 
10 may be employed without a corresponding use of the other features. Accordingly, It is 
appropriate that the appended claims be construed broadly and m a manner consistent 
with the scope of the invention. 
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Claims 

1. Method of plastically deforming and radially expanding an expandat)le tubular 
member using an apparatus comprising a tubular support member, an adjustable 

5 expansion cone assembly movaUy coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 
expansion cone assembly, conprising: 

coupling a first end of the expandable tubular member to a tubular structure; 

locking the actuator to the tubular support member of the apparatus; 
1 0 inserting the apparatus into the first end of the expandable tubular member; 

moving the actuator and the adjustable expansion cone assembly of the 
apparatus out of the second end of the expandable tubular member; 

reinserting the actuator of the apparatus into the second end of the expandable 
tubular member, 

1 5 unlocking the actuator from the tubular support member of the apparatus; 

rotating the actuator relative to the tubular support member of the apparatus; and 
increasing the outside diameter of the adjustable expansion cone assembly by 
moving the tubular support member relative to the actuator, the adjustable expansion 
cone assembly, and the expandable tubular member; and 
20 plastk:ally deforming and radially expanding the expandable tubular meml>er by 

moving the adjustable expansion cone assembly through the expandable tubular 
meml)er. 

2. The method of claim 1, wherein the tubular support member Includes one or 
25 more lugs; wherein the actuator includes one or more corresponding retaining slots; 

and wherein locking comprises positioning the lugs into the oonrespondlng retaining 
slots. 

3. The method of claim 1, wherein the tubular support member includes one or 
30 more lugs; wherein the actuatbr includes one or more corresponding retaining slots; 

and wherein unlocking comprises positfoning the lugs out of engagement with 
conresponding retaining slots. 

4. The method of dalm 1, wherein moving the tubular support member relative to 
35 the actuator, the adjustable expanston cone assembly, and the expandable tubular 

member comprises: 
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the actuator fridiohally engaging the expandable tubular member. 

5. The method of claim 1 , wherein moving the adjustable expansion cone assembly 
trm)ugh the expandable tubular member comprises: 

5 pulling the adjustable expansion cone through the expandable tubular member. 

6. The method of claim 1 , further comprising: 

fluididy sealing the interface between the tubular support member of the 
apparatus and the expandable tubular member, 
10 wherein moving the adjustable expansion cone assembly through the 

expandable tubular member comprises: 

injecting a pressurized fluid into the tubular support member. 

7. A method of plastically deforming and radially expanding an expandable tubular 
15 member using an apparatus comprising a tubular support member, an adjustable 

expansion cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 
expansion cone assembly, comprising: 

coupling a first end of the expandable tubular member to a tubular structure; 
20 inserting the apparatus into the first end of the expandable tubular member in a 

first direction; 

displacing the actuator erf the apparatus in a second direction opposite to the first 
direction; 

applying a resilient biasing force to the adjustable expansion cone assembly in 
25 the second direction; 

moving the actuator and the adjustable expansion cone assembly of the 
apparatus out of the second end of the expandable tubular memben 

reinserting the actuator of the apparatus into the second end of the expandable 
tubular memt>er in the second direction; 
30 increasing the outside diameter of the adjustable expansion cone assembly by 

displacing the actuator and the adjustable expansion cone assembly relative to the 
expandable tubular memt>er In the first direction; and 

plastically defomning and radially expanding the expandable tubular member by 
moving the adjustable expanston cone assembly through the expandable tubular 
35 member in the second direction. 
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8. The method of daim 7. wherein displacing the actuator of the apparatus in the 
second direction comprises: 

impacting the actuator with the first end of the expandat>le tubular menit)er. 

5 9. The method of daim 7. wherein displadng the actuator and the adjustable 
expansion cone assembly relative to the expandable tubular nnember in the first 
direction comprises: 

Impacting the aduator with the second end of the expandable tubular member. 

10 10. The method of claim 7. wherein moving the adjustable expansion cone assembly 
through the expandable tubular member comprises: 

pulling the adjustable expansion cone through the expandable tubular member. 

1 1 . The method of daim 7, further comprising: 
15 fluididy sealing the interface between the tubular support member of the 

apparatus and the expandable tut>ular nmmber; 

wherein moving the adjustable expansion cone assembly through the 
expandable tubular mentber comprises: 

injecting a pressurized fluid into the tubular support member. 
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An apparatus for radialty expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body definirq a longitudinal passage; 

a first lug coupled to and extending from the first tubular support body in 

the radial direction; 
a second lug coupled to and extending from the first tubular support 

body in the radial direction; and 
an expansion cone support body coupled to the first tubular support 
body comprising: 

an N-sided tapered tubular support member; 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
N expansion cone segments movably coupled to the expansion cone support 
body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the expansion cone 

segment body for movably coupling the expansion cone segment 
t)ody to a corresponding one of the T-shaped slots of the 
expansion cone support body; and 

a second T-shaped retaining member coupled to the expansion cone 
segment body; 

a split ring collar assembly movably coupled to the exterior of the tubular 
suf^xKt member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving comesponding ones of 
the second T-shaped retaining members of the 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support 
body; 

a first drag block assembly movably coupled to the tubular support member that 
comprises: 

a first drag block body defining: 
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a slot for receiving and mating with the L-shaped retaining 

member of the split ring ooBan and 
a firsi J-shiaped slot for receiving the first lug; and 
one or more first drag blocks coupled to the first drag block body; 
a second drag block assembly movably coupled to the tubular support member 
that comprises: 

a second drag btock body defining: 

a second J-shaped stot for receiving the second lug; and 
one or more second drag blocks coupled to the second drag block body; 

and 

first and second packer cups coupled to the tubular support member between 
the first and second drag block assemblies. 



An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 
a first flange coupled to the first tubular support body; 
a second flange ooivled to the first tubidar support body; 
a first tapered flange coupled to the first tubular support body; 
a second tapered flange coupled to the first tut>ular support body; and 
an expansion cone support body coupled to the first tubular support 
body comprising: 

an N*sided tapered tubular support member, 
wherein each side erf the multi-sided tapered tubular support 
member defines a T-shaped stot; 
N expanston cone segments movaUy coupled to the expansion cone support 
body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the expansion cone 

segment body for movably couplir)g the expansion cone segment 
body to a corresponding one of the T-shaped slots of the 
expansion cone support body; and 

a second T-shaped retaining member coupled to the expar^ston cone 
segment body; 
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split ring collar movably coupled to the exterior of the tubular support member 
oomprising: 

a second tubular support body that defines: 

N T-shaped slots for movably receiving corresponding ones of 
the second T-shaped retaining members of the 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support 
body; 

first collet assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve defining: 

a slot for receiving and mating with the L-shaped retaining 
member of the split ring collar, 

a first counterbore for receiving the first flange; and . 

a first radial passage; 
a first spring received within the first countertxxe; 
a first retaining ring received within the first counlert>ore; 
a first load transfer pin coupled to the first retaining ring and extending 

through the first radial passage; 
a second tubular sleeve coupled to the first load transfer pin; , 
a first resilient collet coupled to the second tubular sleeve and 

positioned above the first tapered flange; and 
a third tubular sleeve coupled to the first resilient collet; 
I second collet assembly movably coupled to the tubular support member that 
comprises: 

a fourth tubular sleeve defining: 

a second count6rt)ore for receiving the second flange; and 

a second radial passage; 
a second spring received within the second counterbore; 
a second retaining ring received within the second countert>ore; 
a second load transfer pin coupled to the second retaining rirtg arKi 

extending through the second radial passage; 
a fifth tubular sleeve coupled to the second load transfer pin; 
a second resilient collet coupled to the fifth tubular sleeve and 

positioned above the second tapered flange; and 
a sixth tubular sleeve coupled to the second resilient collet; and 
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first and second packer cups coupled to the tubular support member between 
the first and second collet assemblies. 

3. An apparatus for radially expanding a tubular member, comprising: 
5 a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first radial passage defined in the first tubular support body fluididy 

coupled to the longitudinal passage; 
a first flange coupled to the first tubular support body; 
10 a second flange coupled to the first tubular support body; 

a first tapered flange coupled to the first tubular support body; 
a second tapered flange coupled to the first tubular support body; and 
an expansion cone support body coupled to the first tubular support 
body comprising: 

15 an N-sided tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
N expansion cone segments movably coupled to the expansion cone support 
body, each comprising: 
20 an expansion cone segment body including arcuate conical outer 

surfaces; 

a first T-shaped retaining member coupled to the expansion cone 

segment body for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the 
25 expansion cone support body; and 

a second T-shaped retaining member coupled to the expansion cone 
segment body; 

a split ring collar movably coupled to the exterior of the tubular support member 
comprising: 

30 a second tubular support body defining: 

N T-^haped slots for movably receiving corresponding ones of 
the second T-shaped retaining members of the 
expansion cone segments; and 
an L-shaped retaining memt>er coupled to the secorxl tubular support 
35 body; 
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a first dog assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve defining: 

a slot for receiving and mating with the L-shaped retaining 
member of the split ring collar, 

a first counterbore for receiving the first flange; and 

a second radial passage; 
a first spring received within the first counterbore; 
a first retaining ring received within the first counterbore; 
a first load transfer pin coupled to the first retaining ring and extending 

through the second radial passage; 
a second tubular sleeve coupled to the first load transfer pin defining: 

a second counterbore for receiving the first tubular sleeve; 
a first resilient dog coupled to the second tubular sleeve and posiUoned 

adjacent to the first tapered flange; 
a second dog assembly movably coupled to the tubular support member that 
comprises: 

a third tubular sleeve defining: 

a second counterbore for receiving the second flange; 
a third radial passage; and 

a fourth radial passage fluididy coupled to the first radial 
passage; 

a second spring received within the second oountert>ore; 

a second retaining ring received within the second countert)ore; 

a second load transfer pin coupled to the second retaining ring and 

extending through the third radial passage; 
a fourth tubular sleeve coupled to the second load transfer pin; 
a second resflient dog coupled to the fourth tubular sleeve and 

positioned adjacent to the second tapered flange; and 
first and second packer cups coupled to the tubular support member between 
the first and second dog assemblies. 

An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a fiist tubular support body defining a longitudirial passage including a 
throat passage; 
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a first radial passage defined in the first tubular support body flutdidy 

coupled to the longitudinal passage; 
a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body defining: 

a second radial passage defined In the second flange fluidicly 
coupled to the longitudinal passage; 
a tapered flange coupled to the first tubular support body; and 
an expansion cone support body bouplod to the first tubular support 

body comprising: 

an N-sided tapered tubular support memt)er; 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
N expansion cone segments movabty coupled to the expansion cone support 
. body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining memt)er coupled to the expansion cone 

segment Ixxly for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the 
expansion cone support body; and 

a second T-shaped retaining member coupled to the expansion cone 
segment body; 

a spilt ring collar movably coupled to the exterior of the tubular support member 
comprising: 

a second tubular support body dining: 

N T-shaped slots for movably receiving corresponding ones of 
the second T-shaped retaining mmibers of the 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support 
body; 

a dog assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve defining: 

a slot for receiving and mating with the L-shaped retaining 

member of the split ring collar; 
a first counterbore for receiving the first flange; and 
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a third radial passage; 
a spring reoeh^ within the first countert)ore; 
a retaining ring received within the first oountert)ore; 
a load transfer pin ooupied to the retaining ring and extending through 

the third radial passage; 
a second tubular sleeve coupled to the first load transfer pin that 

defines: 

a first counterlK>re for receiving the first tubular sleeve; 
a second counterbore for receiving and mating with the 
tapered flange; and 

comprises: 

a third flange defining: 

a third counterbore for receiving the second 
flange; 

a fourth counterbore for receiving the second 

flange; and 
a fourth radial passage; and 
a resilient dog coupled to the second tubular sleeve and positioned 
adjacent to the tapered flange; and 
first and second packer cups coupled to the tubular support member between 
the resilient dog and the third flange. 

An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 
a tubular support body; and 

an expansion cone support body ooupied to the tubular support body 
comprising: 

an N-sided tapered tubular support member, 
wherein each side of the multi-sided tapered tutxjlar support 
member defines a T-shaped slot; 
N expansion cone segments movably coupled to the expansion cone support 
body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the expansion cone 

segment body for ttwiabtf coupling the expansion cone segment 
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body to a corresponding one of the T-shaped slots of the 
expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion cone 
segment body; 

5 a split ring collar movably coupled to the exterior of the tubular support member 

comprising: 

a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of 
the second T-shaped retaining members of the 
1 0 expansion cone segments; and 

an L-shaped retaining member coupled to the second tubular support 
body; and 

a tubular actuating sleeve movably coupled to the tubular support member that 
comprises: 

15 a third tubular support body defining: 

a slot for receiving and mating with the L-shaped retaining 
member of the split ring collar. 

6. An adjustable expansion cone assembly, comprising: 
20 a tubular support member comprising: 

a first tubular support body, and 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N stepped slots; 
25 an expansion cone assembly movably coupled to the tubular support member 

comprising: 

a second tubular support body movably coupled to the first tubular 

support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular support 
30 memt)er, each expansion cone segment comprising: 

a resilient collet coupled to the second tubular support 
member; 

an expansion cone segment body coupled to the resilient 
collet including arcuate conical outer surfaces; 
35 and 
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a retaining nnember coupled to the expansion cone 

segment t>ody for movabiy coupling the expansion 
cone segment body to a corresponding one of the 
stepped slots of the expansion cone support 
5 bodr, 

a split ring collar nnovably coupled to the exterior of the tubular support member 
oomprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support 
1 0 body for mating with the L-shaped slot of the second tubular 

support body of the expansion cone assembly; and 
a second L-shaped retaining member coupled to the third tubular body; 

and 

a tubular actuating sleeve movabiy coupled to the tubular support member that 
15 comprises: 

a third tubular support body defining: 

a slot for receiving and vnaVsng with the second L-shaped 
retaining member of the split ring collar. 



20 7. An adjustable expansion cone assembly, comprising: 
a tubular support member oomprising: 
a first tubular support body; and 

an expansion cone support body coupled to the tubular support body 
oomprising: 

25 a tapered tubular support member defining N slots; 

an expansion cone assembly movabiy coupled to the tubular support member 
oomprising: 

a second tubular support body movabiy coupled to the first tubular 
support body defining an L-shaped slot and 
30 N expansion cone segments extending from the second tubular support 

menfiber, each expansion cone segment comprising: 

a resilient collet coupled to the second tubular support 
member, 

an expansion oone segment body coupled to the resilient 
35 collet including arcuate conical outer surfaces; 

and 
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a retaining member coupled to the expansion cone 

segment tKxJy for movably coupling the expansion 
cone segment body to a corresponding one of the 
slots of the expansion cone support body; 
a split ring collar movably coupled to the exterior of the tubular support member 
comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support 
body for mating with the L-shaped slot of the second tubular 
support body; and 

a second L-shaped retaining member coupled to the third tubular 
support body; and 

a tubular actuating sleeve movably coupled to the tubular support member that 
comprises: 

a third tubular support Ixxly defining: 

a slot for receiving and mating with the second L-shaped 
retaining member of the split ring collar. 

An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 
a first tubular support body; and 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
an expansion cone assenrftly movably coupled to the tubular support member 
comprising: 

a second tubular support body movably coupled to the first tubular 

support body defining an L-shaped slot; and 
N/2 first expansion cone segments extending from the second tubular 
support member, each first expansion cone segnrient comprising: 
a first resilient collet coupled to the second tubular 

support member, 
a first expansion cone segment body coupled to the 
resilient collet including arcuate conical outer 
surfaces; and 
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a first retaining member coupled to the expansion cone 
segment t>ody for movably coupling the expansion 
cone segment body to a conesponding one of the 
slots of the expansion cone support body; 
N/2 second expansion cone segments extending from the second 

tubular support member, each second expansion cone segment 
comprising: 

a second resilient collet coupled to the second tubular 

support member; 
a second expansion cone segment body coupled to the 

resilient collet Including arcuate conical outer 

surfaces; and 
a second retaining member coupled to the expansion 

cone segment body for movably coupling the 

expansion cone segment body to a corresponding 

one of the slots of the expansion cone support 

body; 

wherein the second expansion cone segments overlap and are 
interleaved with the first expansion cone segments; 
a split ring collar movably coupled to the exterior of the tubular support member 
comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support 
body for mating with L-shaped slot of the second tubular support 

body; and 

a second L-shaped retaining member coupled to the third tubular 
support body; and 

a tubular actuating sleeve movably coupled to the tubular support member that 
comprises: 

a third tubular support body defining: 

a slot for receiving and mating with the second L-shaped 
retaining member of the split ring collar. 



An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 
a first tubular support body; and 
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an expansion cone support body coupleki to the first tubular support 
body comprising: 

an N-sided tapered tubular support member 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
N/2 first expansion cone segments movaUy coupled to the expansion cone 
support body, eadh comprising: 

a first expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the first expansion cone 
segment body for movably coupling the first expansion cone 
segment Ixxly to a corresponding one of the T-shaped slots of 
the expansion cone support body; and 

a second T-shaped retaining member coupled to the first expansion 
cone segment body; 
N/2 second expansion cone segments nKivabty coupled to the expansion cone 

support body, each comprising: 

a second expansion cone segment body including arcuate conical outer 
surfaces; 

. a third T-shaped retaining member coupled to the second expansion 
cone segment body for movably coupOng the second expansion 
oone segment body to a corresponding one of the T-shaped 
slots of the expansion cone support body; and 

a fourth T-shaped retaining mennber coupled to the expansion cone 
segnient body; 

wherein the first and second expansion cone segments are interleaved; 
wherein the first expansion cone segment bodies are complementary shaped 

with respect to the second expansion cone segment bodies; 
a split ring collar assembly movably coupled to the exterior of the tubular 
support member comprising: 
a second tubular support t)ody defining: 

N T-shaped slots for movably receiving conBsponding ones of 
the second and fourth T-shaped retaining members of the 
interieaved first and second expansion cone segments; 
and 
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an L-shaped retaining member coupled to the second tubular support 
body, and . 

a tubular actuating sleeve movably coupled to the tubular support member that 
comprises: 

5 a third tubular support body defining: 

a slot for receiving and mating with the L-shaped retaining 
member of the split ring collar. 

10. An apparatus for radlaily expanding a tubular member, comprising: 
10 a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first lug coupled to and extending from the first tubular support body in 

the radial direction; and 
a second lug coupled to and extending from the first tubular support 
15 body in the radial direction; 

an adjustable expansion cone assembly movably coupled to the tubular support 
member; 

a first drag block assembly movably coupled to the tubular support member that 
comprises: 

20 a first drag block body coupled to the adjustable expansion cone 

assembly defining: 

a first J-shaped slot for receiving the first lug; and 
one or more first drag blocks coupled to the first drag block body; 
a second drag block assembly movably coupled to the tubular support member 
25 that comprises: 

a second drag block body defining: 

a second J-shaped slot for receiving the second lug; and 
one or more second drag blocks coupled to the second drag bkx:k body; 
and 

30 first and second packer cups coupled to the tubular support member between 

the first and second drag block assemblies. 

1 1 . The apparatus of claim 10. v^erein the tubular support member further 
comprises: 

35 an expanston cone support body coupled to the first tubular support body 

comprising: 
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an N-skJed tapered tubular support m6mt)er, 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assenfd)ly comprises: 
5 N expansbn cone segments movably coupled to the expansion cone 

support body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the expansion 
10 cone segment body for movably coupling the expansion 

cone segment body to a corresponding one of the T- 
shaped slots of the expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion 
cone segment body; and 
15 a split ring collar movably coupled to the exterior of the tubular support 

member comprising: 
a second tubular support body defining: 

N T-shaped stots for movably receiving corresponding 
ones of the second T-shaped retaining members 
20 of the expansion cone segnnents; and 

an L-shaped retaining member coupled to the second tubular 
support body; and 
wherein the first drag biodc body further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
25 the split ring coliar. 

1 2. The apparatus of dalm 1 0, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
30 comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

35 a second tubular support body movably coupled to the first 

tubular support body defining an L-shaped slot; and 
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N expansion cone segments extending from the second tubular 
support member, each expansion done segment 
comprising: 

a resilient collet coupled to the second tubular 
5 support member 

an expansion cone segment body coupled to the 
resilient collet including arcuate conical 
outer surfaces; and 
a retaining member coupted to the expansion 
1 0 cone segment body for movably coupling 

the expansion cone segment body to a 
corresponding one of the stepped slots of 
the expansion cone support body; and 
. a split ringf collar movably coupled to the exterior of the tubular support 
1 5 member comprising: 

a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
20 a second L-shaped retaining member coupled to the third tubular 

support member; 
wherein the first drag block body further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

25 

13. The apparatus of daim 10, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

30 a tapered tubular support member defining N slots; 

wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support txxly movably coupled to the first 
35 tubular support body defining an L-shaped slot; and 
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N expansion cone segments extending from the second tubular 
support mennber, each expansion cone segment 
comprising: 

a resilient collet coupled to the second tubular 
5 support member, 

an expanston cone segment body coupled to the 
resilient collet including arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 
10 cone segment body for movably coupling 

the expansion cone segment body to a 
corresponding one of the slots of the 
expansion cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 
15 member comprising: 

a third tubular support body; 

a first L-^^haped retaining member coupled to the third tubular 
support body for mating with L-shaped slot of the second 
tubular support body; and 
20 a second L-shaped retaining member coupled to the third tubular 

support body; 
wherein the first drag block body further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the sjslit ring collar. 

25 

14. The apparatus of daim 1 0, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
oomprisirKf* 

30 a tapered tubular support member defining N slots; 

wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
35 tubular support body defining an L-shaped slot; and 
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' N/2 first expanston cone segments extending from the second 
tubular support memt>er» each first expansion cone 
segnnent comprising: 

a first resiiient collet coupled to the second tubular 

support member; 
a first expansion cone segment body coupled to 
the resilient collet including arcuate conical 
outer surfeces; and 
a first retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
corresponding one of the slots of the 
expansion cone support body; 
N/2 second expansion cone segments extending from the 

second tubular support member, each second expansion 
cone segment comprising: 

a second resilient collet coupled to the second 

tubular support member; 
a second expansion cone segment body coupled 
to the resilient collet including arcuate 
conical outer surfaces; and 
a second retaining member coupled to the 

expansion cone segment body for movably 
coupling the expansion cone segment 
body to a corresponding one of the slots of 
the expansion cone support body; 
wherein the second expansion cone segments overlap 
and are interleaved with the first expansion cone 
segments; and 

split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
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a second L-shaped retaining member coupled to the third tubular 
support body, 
wherein the first drag block body further defines: 

a slot fc)r receiving and mating with the second L*shaped retaining 
member of the split ring collar. 



1 5. The apparatus of claim 10, wherein the tubutar support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

an N-sided tapered tubular support member; 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion 
cone support body, each comprising: 
a first expansion cone segment body including arcuate conical 
outer surfaces; 

a first T-shaped retaining member coupled to the first expansion 
cone segment body for movably coupling the fin^t 
expansion cone segment body to a conresponding one of 
the T-shaped slots of the expansion cone support body; 
and 

a second T-shaped retaining member coupled to the first 

expansion cone segment body; 
N/2 second expansion cone segments movably coupled to the 
expansion cone support body, each comprising: 
a second expansion cone segrnent body including arcuate 

conical outer surfaces; 
a third T-shaped retaining member coupled to the second 

expansion cone segment body for nK)vably coupling the 

second expansion cone segment txKiy to a 

corresponding one of the T-shaped slots of the expansion 

cone support body; and 
a fourth T-shaped retaining member coupled to VhB expansion 

cone segment body; 
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wherein the first and second expansion oone segments are interieaved; 
wherein the first expansion cone segment bodies are complementary 

shaped with respect to the second expansion cone segment 

t>odles; and 

a split ring collar a8semt)ly movably coupled to the exterior of the tubular 
support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding 
ones of the second and fourth T-shaped retaining. 
memt)ers of the interteaved first and second 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 
wherein the first drag block body further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 



An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support txxJy defining a longitudinal passage; 

a first flange coupled to the first tubular support body; 

a second flange coupled to the flrst tubular support body; 

a first tapered fierce coupled to the first tubular support body; and 

a second tapered flange coupled to the first tubular support body; 
an adjustable expansion oone assembly movably coupled to the tubular support 

memben 

a first coliet assembly nmvably coupled to the tubular support member that 
comprises: 

a first tubular sleeve coupled to the adjustable expansion oone 
assembly and defining: 

a first countertx>re for receiving the first flange; arKl 

a first radial passage; 
a flrst spring received within the first counterbore; 
a first retaining ring received within the first countert>ore; 
a first load transfer pin coupled to the first retaining ring and extending 

through the first radial passage; 
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a second tubular sleeve coupled to the first load transfer pin; 
a first resilient collet coupled to the second tubular sleeve and 

positioned above the first tapered flange; and 
a tMrd tubular sleeve coupled to the first resBient collet; 
a second collet assembly movably coupled to the tubular support member that 
comprises: 

a fourth tubular sleeve defining: 

a second counterbore for receiving the second flange; and 

a second radial passage; 
a second spring received within the second counterbore; 
a second retaining ring received within the second counterbore; 
a second load transfer pin coupled to the second retaining ring and 

extending through the second radial passage; 
a fifth tubular sleeve coupled to the second load transfer pin; 
a second resilient collet coupled to the fifth tubular sleeve and 

positioned above the second tapered flange; and 
a sixth tubular sleeve coupled to the second resilient collet; and 
first and second packer cups coupled to the tubular support member between 
the first and second collet assemblies. 

17. The apparatus of daim 16, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

an N-sided tapered tubular support memben 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone 
support body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the expansion 

cone segment t>ody for ntovably coupling the expansion 
cone segment body to a corresponding one of the T- 
shaped slots of the expansion cone support body; and 



96 



a second T-shaped retaining member coupled to the expansion 
cone segment body; and 
a split ring collar movaUy coupled to the exterior of the tubular support 
member comprising: 
5 a second tubular support body defying: 

N T-shiaped slots for movably receiving conesponding 
ones of the second T-shaped retaining members 
of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
10 support body; and 

wherein the first tubular sleeve of the first collet assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 

15 18. The apparatus of claim 1 6, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N stepped slots; 
20 wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
25 N expansion cone segments extending from the second tubular 

support member, each expansion cone segment 
comprising: 

a resilient collet coupled to the second tubular 
support member; 

30 an expansion cone segment body coupled to the 

resilient collet including arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 
cone segment body for movably coupling 

35 the expansion cone segment body to a 
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corresponding one of the stepped slots of 
the expansion cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
5 a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular 
10 support member 

wherein the first tubular sleeve of the first collet assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

15 19. The apparatus of daim 1 6, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the First tubular support body 
oomprisir\g: 

a tapered tubular support member defining N slots; 
20 wherein the adjustable expansion cone assembly comprises: 

an expansion cone asserhbly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
25 N expansion cone segments extending from the second tubular 

support member, each expansion cone segment 
oompri^ng: 

a resilient collet coupled to the second tubular 
support memben 

30 an expansion cone segment body coupled to the 

resilient collet including arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 

cone segment body for movably coupling 

35 the expansion cone segment body to a 
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oorresponding one of the slots of the 
expansion cone support body; and 
a split ring collar movaUy coupled to the exterior dl the tubular support 
member oonnprising: 
5 a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with L-shaped slot of the second 
tubular support body; and 
a second L-shaped retaining member coupled to the third tubular 
10 support body; 

wherein the first tubular sleeve of the first collet assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

15 20. The apparatus of claim 16, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
20 wherein the adjustable expansion cone assembly comprises: 

an expansion corie assembly movaUy coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
25 N/2 first expansion cone segments extending from the second 

tubular support memlier, each first expansion cone 
segment comprising: 

a first resilient collet coupled to the second tubular 
support member 

30 a first expansion cone segment body coupled to 

the resilient collet including arcuate conical 
outer surfaces; and 
a first retaining member coupled to the expansion 
cone segrtient body for nrK>vably coupling 

35 the expansion cone segment body to a 



99 



corresponding one of the slots of the 
expansion cone support body; 
N/2 second expansion cone segments extending from the 

second tubular support niember. each second expansion 
5 cone segment comprising: 

a second resilient collet coupled to the secorKl 

tubular support member, 
a second expansion cone segment body coupled 
to the resilient collet including arcuate 
10 conical outer surfaces; and 

a second retaining member coupled to the 

expansion cone segment body for movably 
coupling the expansion cone segment 
body to a con^ponding one of the slots of 
15 . the expansion cone support body; 

wtierein the second expansion cone segments overlap 
and are interleaved with the first expansion cone 
segments; and 

a split ring collar movably coupled to the exterior of the tubular support 
20 mmit>er comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped sbt of the 
second tubular support body; and 
25 a second L-shaped retaining menDber coupled to the third tubular 

support body; 

wherein the first tubular sleeve of the first collet assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

30 

21 . The apparatus of claim 16. wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

35 an N-sided tapered tubular support meml>er. 
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wherein each side of the muIU-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion 
5 cone support body, each comprising: 

a first expansion cone segment body including arcuate conical 
outer surface; 

a first T-shaped retaining member coupled to the first expansion 
cone segment body for movably coupling the first 
10 expansion cone segment body to a corresponding one of 

the T-shaped slots of the expansion cone support body; 
and 

a second T-shaped retaining member coupled to the first 
expansion cone segment body; 
15 N/2 second expansion cone segments movably coupled to the 

expansion cone support body, each comprising: 
a second expansion cone segment body including arcuate 

conical outer surfaces; 
a third T-shaped retaining member coupled to the second 
20 expanston cone segnient body for movably coupling the 

second expansion cone segment body to a 
conresponding one of the T-shaped slots of the expansion 
cone support body; and 
a fourth T-shaped retaining member coupled to the expansion 
25 cone segment body; 

wherein the first and second expansion cone segments are interleaved; 
wherein the first expansion cone segment bodies are complementary 
shaped with respect to the second expansion cone segnr^ent 
tKxJIes; and 

30 a split ring collar assembfty movably coupled to the exterior of the tubular 

support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding 
ones of the secorxl and fourth T-shaped retaining 
35 members of the interieaved first and second 

expansion cone segments; and 



101 

an L-shaped retaining member ooupled to the second tubular 
support body: and 

wherein the first tubular sleeve of the first collet assembly further defines: 
a slot for recehring and mating wHh the L-shaped retaining member of 
the split ring collar. 



An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first radial passage defined in the first tubular support body fluidicly 
coupled to the longitudinal passage; 

a first flange coupled to the first tubular support body; 

a second flange coupled to the first tubular support body; 

a first tapered flange coupled to the first tubular support body; and 

a second tapered flange coupled to the first tubular support body; 
an adjustable expansion cone assembly movably coupled to the tubular support 

member; 

a first dog assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve coupled to the adjustable expansion cone 
assembly defining: 

a first counterbore for receiving the first flange; and 

a second radial passage; 
a first spring received within the first counterbore; 
a first retaining ring received within the first counterbore; 
a first load transfer pin coupled to the first retaining ring and extending 

through the second radial passage; 
a second tubular sleeve coupled to the first bad transfer pin defining: 

a secorKj countertx)re for receiving the first tubular sleeve; 
a first resilient dog coupled to the second tubular sleeve and positioned 

adjacent to the first tapered flange; 
a second dog assembly movably coupled to the tubular support member that 
comprises: 

a third tubular sleeve defining: 

a second countertx>na for receiving the second fiange; 
a third radial passage; and 
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a fourth radial passage fluicHcly coupled to the first radial 
passage; 

a second spring received within the second countert)ore; 
a second retaining ring received within the second oountertx>re; 
5 a second load transfer pin coupled to the second retaining ring and 

extending through the third radial passage; 
a fourth tubular sleeve coupled to the second load transfer pin; 
a second resilient dog coupled to the fourth tubular sleeve and 
positioned adjacent to the second tapered flange; and 
10 first and second packer cups coupled to the tubular support member between 

the first and second dog assemblies. 



23. The apparatus of daim 22, wherein the tubular support member further 
comprises: 

15 an expansion cone support body coupled to the first tubular support body 

comprising: 

an N-sided tapered tubular support member; 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
20 wherein the adjustable mpansion cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone 
support body, each comprising: 

an expanston cone segment body including arcuate conical outer 
surfaces; 

25 a first T-shaped retaining member coupled to the expansion 

cone segment body for movably coupling the expansion 
cone segment body to a corresponding one of the T- 
shaped slots of the expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion 
30 cone segment body; and 

a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding 
35 ones of the second T-shaped retaining members 

of the expansion cone segments; and 
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an L-shaped retaining member coupled to the second tubular 
support body; and 
wherein the first tubular sleeve of the first dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
5 the split ring collar. 

24. The apparatus of claim 22, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
10 comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

15 a second tubular support body movably coupled to the first 

tubular support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular 
support member, each expansion cone segment 
comprising: 

20 a resilient collet coupled to the second tubular 

support member, 
an expansion cone segment body coupled to the 
resilient collet Including arcuate conical 
outer surfaces; and 

25 a retaining member coupled to the expansion 

cone segment body for movably coupling 
the expansion cone segment body to a 
corresponding one of the stepped slots of 
the expansion cone support body; and 
30 a split ring coHar movably coupled to the exterior of the tubular support 

member comprising: 
a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
35 seooTKl tubular support body; and 
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a second L-shaped retaining member coupled to the third tubular 
support memben and 
wherein the first tubular sleeve of the first dog assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
5 member of the split ring collar. 

25. The apparatus of daim 22, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to tto first tubular support body 

10 comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

15 a second tubular support body movably coupled to the first 

tubular support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular 
support member, each expansion cone segment 
comprising: 

20 a resilient collet coupled to the second tubular 

support member; 
an expansion cone segment body coupled to the 
resilient collet including arcuate conical 
outer surfaces; and 

25 a retaining member coupled to the expansion* 

cone segment body for movably coupling 
the expansion cone segment body to a 
conesponding one of the slots of the 
expansion cone support body; and 
30 a split ring collar movably coupled to the exterior of the tubular support 

member comprising: 
a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with L-shaped slot of the second 
35 tubular support body; and 
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a second L-shaped retaining member coupled to the third tubular 
support body; and 
wherein the first tubular sleeve of the first dog assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 



26. The apparatus of claim 22, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 

comprising: 

a tapered tubular support member defining N stots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
N/2 first expansion cone segments extending from the second 
tubular support member, each first expansion cone 
segment comprising: 

a first resilient collet coupled to the second tubular 

support member, 
a first expansion cone segment body coupled to 
the resilient collet including arcuate conical 
outer surfiaoes; and 
a first retaining member coupled to the expansion 
cone segment body for rnovably coupling 
the expansion cone segment body to a 
oonesponding one of the slots of the 
expansion cone support body; 
N/2 second expansion cone segments extending from the 

second tubular support member, each second expansion 
cone segment comprising: 

a second resilient collet coupled to the second 
tubular support member; 
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a second expansion cone segment body coupled 
to the resilient collet including arcuate 
conical outer surfaces; and 
a second retaining member coupled to the 
5 expansion cone segment body for movably 

coupling the expansion cone segment 
body to a corresponding one of the slots of 
the expansion cone support body; 
wherein the second expansion cone segments overlap 
10 and are interleaved with the first expansion cone 

segments; and 

a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body; 
1 5 a first L-shaped retaining member coupled to the third tubular 

support body for matirtg with the L-shaped slot of the 
seoond tubular support body; and 
a second L-shaped retaining member coupled to the third tubular 
support body; and 

20 wherein the first tubular sleeve of the first dog assembly further defines: 

a slot for receiving and mating with the seoond L-shaped retaining 
member of the split ring collar 



27. The apparatus of dalm 22. wherein the tubular support member further 
25 comprises: 

an expansion oone support body coupled to the first tubular support body 
comprising: 

an N-sided tapered tubular support member; 
wherein each side of the multi-sided tapered tubular support 
30 member defines a T-shaped slot, 

wherein the adjustable expansion cone assembly comprtees: 

N/2 first expansion cone segments movably coupled to the expansion 
oone support t>ody, each comprising: 
a first expansion cone segment body including arcuate conical 
35 outer surfaces; 
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a first T-shaped retaining member coupled to the first expansion 
cone segment body for movabiy coupling the first 
expansion cone segment body to a corresponding one of 
the T-shaped slots of the expansion cone support body; 
and 

. a second T-shaped retaining member coupled to the first 
expansion cone segment body; 
N/2 second expansion cone segments movabiy coupled to the 
expansion cone support body, each comprising: 
a second expansion cone segment body including arcuate 

conical outer surfaces; 
a third T-shaped retaining menr^r coupled to the second 

expansion cone segment body for movabiy coupling the 
second expansbn cone segment body to a 
corresponding one of the T-shaped slots of the expansion 
cone support body; and 
a fourth T-shaped retaining member coupled to the expansion 
cone segment body; 
wherein the first and second expansion cone segments are interteaved; 
wherein the first expansion cone segment bodies are complementary 
shaped with respect to the second expansion cone segment 
bodies; and 

a split ring collar assembly nrK>vably coupled to the exterior of the tubular 
support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movabiy receiving corresponding 
ones of the second and fourth T-shaped retaining 
members of the interleaved first and second 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 
wherein the first tubular sleeve of the first dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 



An apparatus for radially expanding a tubular member, comprising: 
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a tubular support member comprising: 

a first tubular support body defining a longitudinal passage including a 
throat passage; 

a first radial passage defined in the first tubular support body fluididy 

coupled to the longitudinal passage; 
a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body defining: 

a second radial passage defined in the second flange fluididy 
coupled to the longitudinal passage; and 
an adjustable expansion cone assembly movably coupled to the tubular support 
member, 

a dog assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve coupled to the adjustable expansion cone 
assembly defining: 

a first countert>ore for receiving tiie first flange; and 

a third radial passage; 
a spring received within the first countert)ore; 
a retaining ring received within the first counterbore; 
a load transfer pin coupled to the retainir^ ring and extending through 

the third radial passage; 
a second tubular sleeve coupled to.the first load transfer pin that 

defines: 

a first counterbore for receiving the first tubular sleeve; 
a second counterbore for receiving and mating with the 
tapered flange; and 

comprises: 

a third flange defining: 

a third counterbore for receiving the second 
flange; 

a fourth counterbore for receiving the second 

flange; and 
a fourth radial passage; and 
a resilient dog coupled to the second tubular sleeve and positioned 
adjacent to the tapered flange; and 
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first and second padcer cups coupled to the tubular support member between 
the resilient dog and the third flange. 

29. The apparatus of daim 28, wherein the tubular support meniber further 
5 comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

an N*sided tapered tubular support memben 
wherein each side of the multi-sided tapered tubular support 
10 member defines a T-shaped slot; 

wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the e)q)ansion cone 
support body, each comprising: 

an expansion cone segment body including arcuate conical outer 
15 surfaces; 

a first T-shaped retalriing member coupled to the expansion 
cone segment body for movably coupling the expansion 
cone segment body to a corresponding one of the T- 
shaped slots of the expansion cone support t>ody; and 
20 a second T-shaped retaining member coupled to the expansion 

cone segment body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a second tubular support body defining: 
25 N T-shaped slots for movably receiving conesponding 

ones of the second T-shaped retaining members 
of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support t)ody; and 

30 wtieretn the first tubularsleeve of the dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 



30. The apparatus of daim 28, wherein the tubular support member further 
35 comprises: 
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an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion corie assembly ntovably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-6haped slot; and 
N expansion oone segments extending from the second tubular 
support member, each expansion cone segment 
comprising: 

a resilient collet coupled to the second tubular 

support member, 
an expansion cone segnrient body coupled to the 
resilient collet including arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 
cone segnrmnt body for movably coupling 
the expansion cone segment body to a 
conrespondlng one of the stepped slots of 
the expansion cone support body; and 
a split ring collar nrK>vab!y coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped sicrt of the 
second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular 
support memben and 
wherein the first tubular sleeve of the dog assembly further defir^: 

a slot for receiving and mating with the second Ushaped retaining 
member of the split ring collar. 



The apparatus of daim 28, wherein the tubular support member further 
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an expansion cone support body coupled to the first tubular support body 
comprising: 

a tapered tubular support nnember defining N siots; 
wherein the adjustable expansion cone assembly comprises: 
5 an expansion cone assembly movably coupled to the tubular support 

member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular 
1 0 support member, each expansion cone segment 

comprising: 

a resilient collet coupled to the second tubular 

support member; 
an expansion cone segment body coupled to the 
1 5 resilient collet Including arcuate conical 

outer surfaces; and 
a retaining member coupled to the expansion 
cone segment body for movably coupfing 
the expansion oone segment body to a 
20 conresponding one of the slots of the 

expansion cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body; 
25 a first L-shaped retaining member coupled to the third tubular 

support body for mating with L-shaped slot of the second 
tubular support body; and 
a seoond L-shaped retaining member coupled to the third tubular 
support body; and 

30 wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining 
memt)er of the split ring collar. 



32. The apparatus of daim 28, wherein the tubular support member further 
35 comprises: 
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an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assennbly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
N/2 first expansion cone segments extending from the second 
tubular support member, each first expanston cone 
segment comprising: 

a first resilient collet coupled to the second tubular 

support member, 
a first expansion cone segment body coupled to 
the resilient collet including arcuate conical 
outer surfaces; and 
a first retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
corresponding one of the slots of the 
expansion cone support body; 
N/2 second expansion cone segments extending from the 

second tubular support nnember. each second expansion 
CGine segmerit comprising: 

a second resilient collet coupled to the second 

tubular support member; 
a second expansion cone segment body coupled 
to the resilient collet including arcuate 
conical outer surfaces; and 
a.seoond retaining member coupled to the 

expansion cone segment body for movably 
coupling the expansion cone segment 
body to a corresponding one of the slots of 
the expansion cone support body; 
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wherein the second expansion cone segments overlap 
and are interleaved with the first expansion cone 
segments; and 

a split ring collar movably coupled to the exterior of the tubular support 
5 member oomprlsirig: . 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
10 a second L-shaped retaining member couqpled to the third tubular 

support body; and 
wherein the first tubular sliBeve of the dog assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

15 

33. The apparatus of daim 28, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

20 an N-sided tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion 
25 cone support body, each comprising: 

a first expansion cone segment body including arcuate conical 
outer surfaces; 

a first T-shaped retaining member coupled to the first expansion 
cone segment body for movably coupling the first 
30 expansion cone segnrmnt body to a corresponding one of 

the T-shaped slots of the expansion cone support body; 
and 

a second T-shaped retaining memt)er coupled to the first 
expansion cone segment body; 
35 N/2 second expansion cone segmmts movably coupled to the 

expansion cone support body, each comprising: 
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a second expansion cone segment body including arcuate 

conical outer surfaces; 
a third T-shaped retaining member coupled to the second 

expansion cone segment body for movably coupling the 
5 second expansion cone segment body to a 

corresponding one of the T-shaped slots of the expansion 

cone support body; and 
a fourth T-shaped retaining member coupled to the expansion 

cone segnrwnt body; 

10 wherein the first and second expansion cone segments are interleaved; 

wherein the first expansion cone segment bodies are complementary 
shaped with respect to the second expansion cone segment 
bodies; and 

a split ring collar assembly movably coupled to the exterior of the tubular 
15 support member comprising: 

a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding 
ones of the second and fourth Trshaped retaining 
members of the interieaved first and second 
20 expansion oone segrrants; and 

an L-shaped retaining member coupled to the second tubular 
support body; and 
wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 



25 the split ring collar. 

34. An apparatus for radially e)q)anding a tubular member, comprising: 
a tubular support member; 

an adjustable expansion cone assembly movably coupled to the tubular support 
30 member^ and 



means for adjusting the adjustable expansion cone assembly. 
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35. The apparatus of daim 34, wherein the means for adjusting the adjustable 
expansion oone assembly comprises: 

frictionai means for adjusting the adjustable expansion cone assembly. 
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36. The apparatus of daim 34, wherein the means for adjusting the adjustable 
expansion cone assembly comprises: 

resilient means for adjusting the adjustable expansion cone assembly. 

37. An adjustable expansion cone assembly, comprising: 
a tubular support member, 

an adjustable expansion cone miovably coupled to the tubular support member, 
comprising: 

a plurality of expansion cone segments; and 
means for guiding the expansion cone segments on the tubular support 
memben and 
means for adjusting the adjustable expansion cone. 

38. The adjustable expansion cone assembly of daim 37, wherein the adjustable 
expansion cone further comprises: 

means for interiocking the expansion cone segments. 

39. The adjustable expansion cone assembly of daim 37. wherein the means for 
adjusting the adjustable expansion cone comprises: 

resilient means for supporting the expansion cone segments. 

40. The adjustable expansion cone assembly of daim 37, wherein the expansion 
cone segments indude first and second interieaved groups of expansion cone 
segments. 

41 . The adjustable expansion cone assembly of daim 40. wherein the means for 
adjusting the adjustable expansion cone comprises: 

means for displadng the first and second interieaved groups of expansion cone 
segments in opposite directions. 

42. A method of operating an adjustable expansion cone assembly comprising a 
plurality of expansion cone segments, comprising: 

guiding the expansion cone segments on a tapered body; and 

controllably displadng the expansion cone segments along the tapered body. 



43. The method of daim 42, further comprising: 
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resiliently guiding the expansion cone segments on the tapered body. 
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44. The method of daim 42, further comprising: 
interlocking the exparvsion cone segments. 

45. The method of daim 42, further comprising: 

dividing the expansion cone segments into first and second groups of 

expansion cone segments; and 
interieaving the first and second groups of expansion cone segments. 

46. The method of claim 45, further comprising: 

overiapping the first and second groups of expansion cone segments. 



47. The method of claim 45, wherein controilably displacing the expansion cone 
1 5 segments along the tapered t>ody comprises: 

displacing the first and second interteaved groups of expansion cone segments 
in opposite directions. 

48. A method of operating an adjustable expanston cone assembly comprising a 
20 plurality of expansion cone segmerits, comprising: 

guiding the expansion cone segments on a multi-sided tapered body; 
interiodcing the expansion cone segments; and 

controilably displadng the expansion cone segments along the tapered body. 

25 

49. A method of operating an adjustable expansion oone assembly comprising a 
plurality of expansbn cone segments, comprteing: 

resiliently guiding the expansion cone segnrients on a multi-sided tapered body; 
guiding each of the expansion cone segments on opposite sides in the 
30 drcumferential direction; 

interiocking the expansion cone segments; and 

controilably displadng the expansion cone segments along the tapered body. 



50. A method of operating an adjustable expansion cor>e assembly comprising a 
35 plurality of expansion cone segments, comprising: 
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dividing the expansion cone segments into first and second groups of 

expansion cone segments; 
interleaving the first and second groups of expansion cone segments; 
overlapping the first and second groups of expansion cone segments; 
5 resiiiently guiding the expansion cone segments on a multi-sided tapered txxiy; 

guiding each of the expansion cone segrrients on opposite sides in the 

circumferential direction; and 
controilably displacing the expansion cone segments along the tapered txxly. 



10 

51 . A method of operating an adjustable expansion cone assembly comprising a 
plurality of expansion cone segments, comprising: 

dividing the expansion cone segments into first and second groups of 
. expansion cone segments; 
1 5 Interleaving the first and second groups of expansion cone segments; 

guiding the expansion cone segments on a multi-stded tapered body; and 
controilably displacing the expansion cone segments alor^g the tapered body 
while also relatively displadng the first and second groups of expansion 
cone segnnents in opposite directions. 

20 

52. A method of plastically deforming and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustable 
expansion cone assembly movably coupled to the tubular support member, arid an 
actuator movably coupled to the tubular support member for adjusting the adjustable 

25 expansion cone assembly, comprising: 

coupling a first end of the expandable tubular member to a tubular structure; 

locking the actuator to the tubular support member of the apparatus; 

inserting the apparatus into the first end of the expandable tubular member; 

moving the actuator and the adjustable expansion cone assembly of the 
30 apparatus out of the second end of the expandable tubular member, 

reinserting the actuator of the apparatus into the second end of the expandable 
tubular member, 

unlocking the actuator from the tubular support member of the apparatus; 
rotating the actuator relative to the tubular support member of the apparatus; 
35 and 



118 

increasing the outside diameter of the adjustable expansion cone assembly by 
moving the tubular support member relative to the actuator, the 
adjustable expansion cone assembly, and the expandable tubular 
member; and 

5 plastically deforming and radially expanding the expandable tubular member by 

moving the adjustable expansion cone assembly through the 
expandable tubular member. 

53. The method of claim 52. wherein the tubular support member includes one or 
10 more lugs; wherein the actuator Includes one or more corresponding retaining slots; 

and wherein locking comprises positioning the lugs into the corresponding retaining 
slots. 

54. The method of claim 52. wherein the tubular support member includes one or 
1 5 more lugs; wherein the actuator includes one or more corresponding retaining slots; 

and wherein unlocking comprtees positioning the lugs out of engagement with 
corresponding retaining slots. 

55. The method of dalm 52. wherein moving the tubular support member relative to 
20 the actuator, the adjustable expanston cone assembly, and the expandable tubular 

member comprises: 

the actuator frlctionally engaging the expandable tubular member. 

56. The method of dalm 52, wherein moving the adjustable expansion cone 
25 assembly through the expandable tubular member comprises: 

pulling the adjustable expansion cone through the expandable tubular mennber. 



57. The method of claim 52, further comprteing: 

fluididy sealing the interface between the tubular support member of the 
30 apparatus and the expandable tubular member, 

wherein moving the adjustable expansion cone assembly through the 

expandable tubular member comprises: 
injecting a pressurized fluid Into the tubular support member. 



35 



58. A method of plasttcally defomntng and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustable 
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expansion cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjustirig the adjustable 
expansion cone assembly, comprising: 

coupling a first end of the expandable tukHJiar niember to a tubular structure; 
5 inserting the apparatus Into the first end of the expandable tubular member in a 

first direction; 

displacing the actuator of the apparatus in a second direction opposite to the 
first direction; 

applying a resilient biasing force to the adjustable expansion cone assembly in 
10 the secorxl direction; 

moving the actuator and the adjustable expansion cone assembly of the 

apparatus out of the second end of the expandable tubular member 
reinserting the actuator of the apparatus into the second end of the expandable 
tubular member in the second direction; 
15 increasing the outside diameter of the adjustable expansion cone assembly by 

displacing the actuator and the adjustable expansion cone assembly 
relative to the expandable tubular member In the first direction; and 
plastically defomning and radially expanding the expandable tobular memt>er by 
moving the adjustable expansion cone assembly through the 
20 expandable tubular member in the second directton. 

59. The method of daim 58, wherein displacing the actuator of the apparatus in the 
second direction comprises: 

impacting the actuator with the first end of the expandable tubular member. 

25 

60. The method of claim 58, wherein displacing the actuator and the adjustable 
expanston cone assembly relative to the expandable tubular member in the first 
direction comprises: 

impacting the actuator with the second end of the expandable tubular member. 

30 

61 . The method of daim 58, wherein moving the adjustable expanston cone 
assembly through the expandable tubular member comprises: 

pulling the adjustable expansion cone through the exparKlat)ie tubular member. 

35 62. The method of daim 58, further comprising: 
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fluididy sealing the interface between the tubular support member of the 
apparatus and the expandable tubular member, 

wherein moving the adjustable expansion cone assembly through the 
expandable tubular member comprises: 
5 injecting a pressurized fhjid into the tubular support member. 



63. An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 

means for guiding the expansion cone segments on a tapered body; and 
10 means for cqntrollably displacing the expansion cone segments along the 

tapered body. 



64. The assembly of daim 63. further comprising: 

means for resiiiently guiding the expansion cone segments on the tapered 
15 body. 

65. The assembly of dalm 63» further comprising: 
means for interlocking the expansion cone segments. 

20 66. The assembly of daim 63. further comprising: 

means for dividing the expansion cone segments into first and second groups of 

expansion cone segments; and 
means for interleaving the first and second groups of expansion cone 

segments. 

25 

67. The assOTibly of daim 66, further comprising: 

means for overiapping the first and second groups of expansion cone 
segments. 



30 68. The assembly of daim 66, wfierein the means for controllably displadng the 
expansion cone segments along the tapered body comprises: 

means for displadng the first and second interieaved groups of expansion cone 
segments in opposite directions. 

35 69. An adjustable expansion cone assemtdy, comprising: 
a plurality of expansion cone segments; 
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means for guiding the expansion cone segments on a multi-sided tapered txxly; 
means for interloddng the expansion cone segments; and 
means for controllably displacing the expansion cone segments along the 
tapered txxJy. 

An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 

means for resiliently guiding the expansion cone segments on a multi-sided 
tapered body; 

means for guiding each of the expansion cone segments on opposite sides in 

the circumferential direction; 
means for interlocking the expansion cone segments; and 
means for controllably displacing the expansion cone segments along the 

tapered body. 

An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 

means for dividing the expansion cone segments into first and second groups of 

expansion cone segments; 
means for interleaving the first and second groups of expansion cone 

segments; 

means for overlapping the first and second groups of expansion cone 
segnrtents; 

means for resiliently guiding the expansion cone segments on a multi^sided 
tapered body; 

means for guiding each of the expansion cone segments on opposite sides in 

the circumferential direction; and 
means for controllably displacing the expansion cone segments along the 

tapered body. 

An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 

means for dividing the expansion cone segments into first and second groups of 

expansion cone segments; 
means for interleaving the first arwJ second groups of expansion cone 

segments; 
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means for guiding the expansion cor\e segments on a multi-sided tapered body; 
and 

means for controllably displacing the expansion cone segments along the 

tapered t>ody while also relatively displacing the first and second groups 
5 of expansion cone segments in opposite directions. 

73. An apparatus for plastically deforming and radially expanding an expandable 
tutMilar member, comprising: 

a tubular support member, 
10 an adjustable expansion cone assembly movably coupled to the tubular support 

member, 

means for actuating the adjustable expansion cone assembly; 

nrteans for locking the actuator to the tubular support member of the apparatus; 

means for unlocking the actuator from the tubular support member of the 
15 apparatus; 

means for increasing the outskJe diameter of the adjustable expanston cone 
assembly by nu>ving the tubular support member relative to the actuator, 
the adjustable expansion cone assembly, and the expandable tubular 
member. 

20 

74. The apparatus of daim 73, wherein the tubular support member includes one or 
more lugs; wherein the actuator includes one or more corresponding retaining slots; 
and wherein the means for locking comprises posHkxiing the lugs into the 
corresponding retaining slots. 

25 

75. The apparatus of daim 73, wherein the tubular support member indudes one or 
more lugs; wherein the actuator indudes one or more corresponding retaining slots; 
and wherein the means for unlockir^ comprises posittoning the lugs out of engagement 
with conBsponding retaining slots. 

30 

76. The method of daim 73, further comprising: 

means for fluididy sealing the internee between the tubular support member of 
the apparatus and the expandable tubular member. 

35 77. An apparatus for plastically defomning and radially expanding an expandable 
tutnilar memt>er, comprising: 
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a tubular support member. 

an adjustable expansion cone assembly movably coupled to the tubular support 
member; 

means for actuating the adjustable expansion cone assembly; 
5 means for displacing the actuator of the apparatus in a first direction; 

means for applying a resilient biasing force to the adjustable expansion cone 

assembly when the actuator is displaced in the first direction; 
means for increasing the outside diameter of the adjustable expansion cone 
assembly by displacing the actuator and the adjustable expansion cone 
10 assembly relative to the expandable tubular member in a second 

direction opposite to the first direction. 

78. The apparatus of claim 77, wherein the means for displacing the actuator of the 
apparatus in the first direction comprises: 

1 5 means for impacting the actuator. 

79. The apparatus of daim 77, wherein the means for displacing the actuator and the 
adjustable expansion cone assembly relative to the expandable tubular member in the 
first direction comprises: 

20 means for impacting the actuator. 
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